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Peete keOnelRANSMITTAL. 


AMHERST COLLEGE, 
Amherst, Mass., March 4, 1895. 

Sir: I have the honor to transmit herewith the manuscript of a geo- 
logical description of the three counties in Massachusetts through which the 
Connecticut River runs, and which include nearly the whole of that por- 
tion of its drainage area which lies within the limits of the State. 

The studies here presented began in 1873. The results were offered to 
the United States Geological Survey in 1887, and were accepted at that 
time. A small portion of the area has since been reexamined, under the 
direction of the Survey, and the map has been extended a little beyond the 
limits of the State north and south, to cover the whole of the area repre- 
sented on the topographic sheets employed. In this work I have been 
_ assisted by Mr. William Orr, jr., of Springfield, who has mapped part of the 
limestone and amphibolite bands of the Conway schist, and by Mr. Fred- 
erick B. Peck, who traced the western boundary of the Shelburne anticline 
and worked on the southern border of the area mapped on the Granville 
sheet. 

As the work was mostly done before the appearance of the topographic 
maps issued by the Survey, many allusions to names found upon county 
atlas maps remain. 

Very respectfully, your obedient servant, 
B. K. Emerson, 
Geologist. 
Hon. Cuartes D. Watcortt, 


Director United States Geological Survey. 
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GEOLOGY OF OLD HAMPSHIRE COUNTY, MASSACHUSETTS, COM- 
PRISING FRANKLIN, HAMPSHIRE, AND HAMPDEN COUNTIES. 


By BENJAMIN KENDALL EMERSON, 


PROFESSOR OF GEOLOGY IN AMHERST COLLEGE. 


eT TA CPE an 1%, 
INTRODUCTION. 


AREA COVERED. 


Old Hampshire County, which formerly stretched across the State of 
Massachusetts between Berkshire on the west and Worcester on the east, 
has been less fortunate than these and has lost Franklin County on the 
north and Hampden on the south. Ambherst lies in the center of this area, 
and hence it has come about that for many years the region has been 
the field of my geological studies. : 

The rocks strike north and south and run quite across New England 
and beyond, so some artificial limits had to be chosen in these directions, 
and the limits of the State were as convenient as any. On the east and 
west, the area lying between the plateau of Worcester County on the east 
and the full development of the Berkshire Hills country on th west pos- 
sesses a good degree of geological unity, the Cambrian gneiss of its eastern 
and western boundaries being almost certainly continuous beneath the whole 
area and supporting several series of schistose rocks, which culminate in the 
Bernardston highly metamorphosed but fossiliferous beds of Devonian age. 
The area includes, also, the northern half of the Triassic terrane, which 
reaches nearly to the north line of the State, while the sudden widening of 


the valley of the Connecticut just at this northern point, with the lowering 
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of its borders, occasions a much greater degree of complexity in its post- 
Glacial deposits, the great series of Glacial lakes on its eastern side being 
just within the limits of the State, and the division of the valley into two 
portions by the sandstone and: trap ranges from Mount Tom southward 
being wholly confined within the same limits. So that the area has given 
me a section of sufficient length for my purpose in those rocks which are of 
great extent meridionally, and a goodly number of problems of which all 
the factors are within its limits. 


HISTORICAL SKETCH. 


While many a quaint and appreciative remark may be gathered from 
the records of the explorers and early settlers of the Connecticut Valley 
concerning the great natural beauty of the new country, I have after much 
search found nothing which had reference to its geological structure. 
Considering the little that was then known, even among the learned, con- 
cerning geology, we do not wonder at this. It is more a matter of regret 
that they so generally failed to retain the Indian names of the prominent 
landmarks, or to replace them by significant or euphonious substitutes. 
Except the name of the Connecticut’ itself, 1 know of few Indian names 
retained from the beginning in their proper application, and but few descrip- 
tive and appropriate names which have come down to us from the fathers. 
Among these are ‘The Notch” and “The Low Place” in the Holyoke 
range, and ‘Sugar Loaf,” named, I doubt not, by the Hadley farmers who 
rowed over to mow the Hatfield meadow, whence its conical shape is most 
striking and suggestive. 

It is true that in late times the names Agawam and Chicopee have 
been applied to towns, Mittineague and Willimansett to villages, while in 
a few cases the Indian names of brooks seem to date far back, as Chicopee, 
Quinebaug, Quabaug, and Scantic rivers, Pecowsick and Watchaug brooks, 
and Massasoit Pond. President Hitchcock attempted to baptize several of 
our peaks with Indian names; i. e., Nonatuck, Norwottuck, transferred from 
the Northampton Meadows to the peak overlooking them, and Metawampe, 
from the name of an Indian who deeded the region to the whites. With 


river: Trumbull Hist. Conn., Vol. I, p. 32. 
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these exceptions the Indian names of the region have largely passed into 
the possession of hotels and manufacturing companies. There is, on the 
other hand, a great poverty of names for all the natural features of the 
country, “mount” and “hill,” “brook” and “river,” serving rather indis- 
criminately for all elevations and streams. One longs for the rich vocabu- 
lary of Spain and Scotland. Again, the names given are often trivial and 
constantly repeated. All the larger streams have an east, west, and middle 
branch, and I remember hearing one brook called the “‘West Branch of the 
Middle Branch of the Westfield River.” There are several ‘‘Swift” rivers, 
“Roaring” brooks, “‘Muddy” brooks, and eleven ‘ Mill” rivers (and brooks) 
within the limits of the three counties. 

The early settlers had little appreciation of the natural beauties of the 
landscape, or they would not have offended the poetical ear of President 
Hitchcock by naming our finest peaks Mount Toby and Bull Hill, and 
have left so many striking objects unnamed entirely. Certain peculiarities 
of nomenclature have grown up in the valley, as the naming of mountain 
gorges ‘“outters” (e. g., Running Gutter in Hatfield and Rattlesnake Gutter 
in Leverett), of alluvial bottoms ‘‘meadows” (Hadley Meadows), and of 
deep narrow valleys “gulfs” (Gulf road in Northfield). 

In 1810 Prof. Benjamin Silliman, of Yale College, visited the lead mine 
in Southampton at the request of the proprietors and drew up a report for 
their use. This does not seem to have been printed by them separately, 
but was published by the author the same year in the second number of 
Bruce’s Mineralogical Journal, in which also a paper descriptive of some of 
the minerals found at the mine was published, from the pen of Dr. William 
Meade. 

The publication of Cleaveland’s Mineralogy (1816) and of the first 
volume of Silliman’s Journal (1818), and the influence of Amos Eaton in 
Albany, mark the beginning of a strong movement toward the study of 
mineralogy and geology in New England. The first articles of Edward 
Hitchcock* appear in these years, one of them, “with a sketch by Mrs. 
Hitchcock,” marking the beginning of a scientific partnership which was to 
last so long, and which has made this region classic ground for the geologist. 
From this time on for a half century nearly ail that became known con- 


1 Obituary: Proc. Am. Acad. Arts Sci., Boston, Vol. VI, p. 291; Hist. Conn. Valley, 1879, Vol. II, 
p. 617. : 
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cerning the geology of the Connecticut Valley was discovered by him, and 
the whole body of knowledge on the subject was systematized in his suc- 
cessive reports. So frequent mention will be made of his work in the 
following pages, and its progress may be followed so fully in the Chrono- 
logical List, in Chapter XXIII, that special mention may be omitted here 
and attention called to the many physicians, teachers, and laymen who 
became enthusiastic mineralogists and scoured the hills so thoroughly that 
it is now exceedingly rare that one finds a new locality for minerals within 
these bounds. Prominent among these was Dr. David Hunt, of Northamp- 
ton, to whom President Hitchcock acknowledges great obligation for 
assistance in mineralogy as early as 1818, and of whom Amos Eaton said 
that he had every mineral in this part of the State at his call.! 

Dr. Jacob Porter, of Cummington; Emerson Davis, principal of the 
Academy of Westfield; Dr. William Atwater, of Westfield; Simeon Colton, 
of Monson, and Dr. Ebenezer Emmons,” of Chester, who commenced his 
scientific work here, were among the professional men who pursued min- 
eralogy with great energy, and the last of this band of men, Mr. W. Morris 
Dwight, died in extreme old age in Williamsburg only a few years ago. 

Prof. Amos Eaton, Dr. George Gibbs, Prof. Chester Dewey, and Prof. 
J. 'T. Webster extended their studies over this region from without, so that 
already in 1825 Mr. A. O. Hubbard, writing from Yale in commendation of 
Mr. Hitchcock’s ‘excellent description of the Connecticut Valley,” says the 
region ‘“‘is becoming, or rather has already become, the rallying point of 
all the mineralogists in Massachusetts.” 

There appeared in Silliman’s Journal for 1827 an article on the lead 
mines and veins of Hampshire County by Mr. Alanson Nash. Prof. C. U. 
Shepard was then assisting in the publication of this journal, and he once 
described to me the difficulty he had in deciphering the crabbed script of 
the author and in bending his sentences to the common rules of grammar. 
Little knowledge of the distribution of the lead veins has been added, 
however, to what is contained in that article, and several of the veins 
described by him I have not been able to find, though I do not doubt their 
existence. He was the forerunner of a great body of natural prospectors— 
men without learning, books, or assistance, who, from a strong love of the 


A Index, 1820. 
2Sketch of life, by J. B. Perry: Proc. Boston Soc. Nat. Hist., Vol. XII, p. 214; also by Jules 
Marcou: Am. Geologist, Vol. VII, p. 1, with fine portrait. 


HISTORICAL SKETCH. 5 


quest, roamed over the hills hunting for minerals, and became as acute and 
skillful in the search as their neighbors did in hunting and fishing. I do 
not know that Mr. Nash was a cobbler, but I suspect so, for I have found 
both here and in Europe that, perhaps from the intermittent character of 
their employment, men of this trade are exceptionally apt to develop the 
taste for collecting minerals. 

Of the long list of these men who have forwarded mineralogy in an 
unambitious way I will mention only Mr. B. Hosford, of Springfield, who, 
at the suggestion of Professor Shepard, first dissected one of the Lancaster 
chiastolites, which was figured in Dana’s Mineralogy, and whose study of 
the salt crystals in Westfield I have reported in Bulletin No. 126 of the 
United States Geological Survey, and Mr. William Newell, of Pelham, long 
time cobbler in Amherst. Students long before and after my time in college 
will remember his love of minerals and his reticence concerning his “ locali- 
ties.” There was a pint of fine amethysts in the collection at Amherst which 
he had gathered from the gravels of Amethyst Brook. If they had been 
solid gold they would have poorly paid him for the time spent in searching 
for them; being amethysts, however, they satisfied him much better. 

The first mineral from Hampshire County to receive notice abroad 
was the albite of Chesterfield (cleavelandite), which, as kieselspath, was 
described by Hausmann in 1817. The first article on minerals from this 
area by Professor Shepard appeared in 1824, beginning a half century of 
work as profitable for the advance of mineralogy in this region as that of 
President Hitchcock was for the progress of geology. 

The halting places in the history of the geology of the valley are the 
dates of the publication of the principal works of President Hitchcock, as 
follows : 

1818. Remarks on Geology of a Section of Massachusetts. This was 
followed by a period of collecting minerals and recording their localities, 
and by the beginnings of geological work, especially by Prof. Amos Eaton. 

1823. Sketch of Geology of the Region of the River Connecticut. 
This was succeeded by a continuation of the collecting and recording period. 

1833. Report on Geology of Massachusetts. 

1835. Report on Geology of Massachusetts, second edition. This was 
followed by the most interesting episode in the history of the geology of 
the Connecticut, the discovery and description of the very numerous and 
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perfect Triassic tracks found up and down the valley, with which discovery 
the names of Dexter Marsh,! Dr. James Deane,” and Dr. Roswell Field® 
were also connected. Previous to the year 1884 I was for a long time — 
accustomed to arrange the successive senior classes of Amherst College on 
the lawn before the house of Dr. Field, in Gill, and the old man would 
come out and give the boys a lecture on the ‘true theory of bird tracks,” 
claiming, and I think with justice, that he first discovered the quadrupedal 
character of the animals which made the tracks. 

1841. Final Report upon the Geology of the State. This summarized 
the geology of the region to date, adding, however, very little to the report 
of 1835, while the discussion of the “bird tracks” went on vigorously until, 
in 1844, the Report on Ichnology brought together all that was known 
on the subject, with abundant illustrations—indeed, vastly increased what 
was before known, though it did not close the subject, since articles 
descriptive and controversial continued to flow from the pens of all those 
mentioned above, as well as more elaborate works from the two sons 
of President Hitchcock, while the last scientific article published by the 
President himself (1863) was concerning New Facts and Conclusions 
Respecting the Fossil Footmarks in the Connecticut River Valley. 

1860. Illustrations of Surface Geology. With this, one of the pioneer 
works in a field which has since become most popular, the great work of 
President Hitchcock on the geology of the Connecticut closed. 

1863. Reminiscences of Amherst College. This book contains an 
aftermath of opinion on the geology near Amherst. 

I may here mention, in conclusion, several persons who have advanced 
the science of mineralogy in the region, or at least have gathered valuable 
collections for the use of other. Mr. James T. Ames, proprietor of the 
well-known foundries at Chicopee, was led, perhaps from his connection 
with the Chester emery bed, to gather a collection very valuable for the 
illustration of the local mineralogy ; and Dr. H. T. Lucas,* who had a large 
share in the discovery of the emery at Chester, has been identified with 
the exploitation of this and many other mining properties in Hampshire 
County for many years. Mr. M. A. Brown, formerly of Northfield, has 
done very useful work in exploring the mineralogy of eastern Franklin 


1For sketch of his life see History of the Connecticut Valley, Vol. II, p. 585. 
2Tbid., p. 520. 3Tbid., p. 576. 
4Ibid., Vol. I, p. 1064. 
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County. Mr. Oliver M. Clapp,’ of Amherst, recently deceased, was an 
ardent collector during his long life. The finest collection for the illus- 
tration of the local mineralogy, excepting, of course, the great collection 
of Professor Shepard, was that made by Mr. Josiah D. Clark, for a long 
time a teacher in Brooklyn, but a native of Northampton, who watched 
carefully the progress of the work at the last opening of the Loudville 
mine, during the war, and secured very abundant and wholly unique 
suites of all the rare things found there, as well as valuable material from 
all other localities of western Massachusetts. He sold his collection at 
an exceptionally low price to Smith College, from a desire that it might 
remain entire and in Northampton. 

The burning of the great Shepard mineral collection in Walker Hall of 
Amherst College in 1882 may stand as a next and sad epoch in the history 
of mineralogy in the Connecticut Valley, a loss in many ways irreparable, 
for the rich store of material for the illustration of the local mineralogy can 
never be wholly replaced. Fortunately Professor Shepard had published 
largely concerning this material, and I had taken quite full notes of almost 
all the collection, which have been incorporated in the following report. 

In December, 1887, the collections made by Professor Shepard after 
the sale of his collection to Amherst College were presented in his name 
to the college by his son, Dr. C. U. Shepard, of Charleston, South Carolina, 
and this goes far toward restoring the monument to his memory, and very 
far toward filling out the local collections at Amherst, which should be, of 
course, unsurpassed for the region in the center of which the college is 
situated. 

It is proper to call attention to the fact that the list of publications 
upon the geology and mineralogy of the State (Chapter XXII), in which 
I have included those upon topography, is the true history of the progress 
of these studies here during the present century, and that in the preceding 
pages I have purposed only to emphasize some names that would otherwise 
be overlooked, and to indicate some salient points in the history which seemed 
to me to deserve mention. 


1 Hist. Conn. Valley, Vol. I, p. 241. 
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The great central plateau of Worcester County, averaging about 1,000 
feet above the sea, lowers a little toward the west, and is ac¢ented as it 
passes into the area under consideration by deep north-south longitudinal 
valleys, the streams here taking for long distances a north-south course, and 
it is cut deeply by two great transverse valleys—those of the Millers and 
Chicopee rivers—which gather all the drainage from the east. With this 
modification the plateau is continued westward until its border forms the 
eastern edge of the Connecticut Valley. 

The rim of the valley on its west side is the border of a similar broken 
plateau of about the same height, deeply cut by longitudinal valleys whose 
waters also reach the Connecticut by two transverse valleys—those of the 
Deerfield and Westfield (or Agawam) rivers—which are farther south than 
the corresponding valleys on the east, each by about the same distance. 
The plateau rises along the western portion of the three counties into the 
Berkshire Hills. It will be noted that the Connecticut Valley includes 
about all of the broad, low area underlain by Triassic rocks. 

These two plateaus were probably once parts of a continuous plain 
that extended across the Connecticut and other valleys far beyond the 
limits of the area studied. This plain was formed by erosive agencies 
which degraded the rocks nearly to sea level. It seems to have been well 
established by Professor Davis that this degradation took place during the 
Cretaceous period, and that a later Tertiary elevation enabled the streams 
to cut down their valleys and clean out the wide lowlands in the soft rocks 
that border the Connecticut and the eastern branches of the Swift River in 
Enfield. The peaks and ridges of more resistant rock that rise in these low- 


lands still reach almost to the level of the old plains, and are remnants of it. 
: ; ; 
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Of the longitudinal valleys the most peculiar is the basin in Greenwich 
and Enfield, in the eastern portion of the region, in which the branches of 
the Swift River join and move southward. It is a broad, low, sand _ plain, 
studded with isolated, high, rocky islands and stretching from north to 
south through these towns. The streams enter and leave it by narrow 
channels, while the plain continues south through Ware, and was once, I 
suspect, continuous with the deep, straight valley which extends through 
the middle of Monson and on into the valley of the Willimantic; and it 
was in its middle part (in Palmer) clogged up with till during the Glacial 
period, so that the Swift River, which on this supposition formerly ran 
southward across Palmer and Monson into the Housatonic, has in post- 
Glacial time found its way westward, breaking through the side of the 
basin to join the Connecticut. If this be so it explains at once why the 
basin is so disproportionate to the size of the present river, and why it is 
on all sides walled in by high ground, except the narrow gorge by which 
the Swift River escapes from it. It also explains the very straight Monson 
Valley, in the middle of which, just at the State line, the waters run south 
to the Willimantic and north to the Quabaug at Palmer. 

The Connecticut Valley stretches across the center of the area from 
north to south, with a width of about 17; miles at the north, which increases 
to 84 miles opposite Greenfield, 102 miles opposite Amherst, and averages 
15 miles in the southern portion of the State. It is divided lengthwise into 
two portions of about equal width by the remnants of the red sandstone 
and the long trap ridges of Deerfield Mountain and the Holyoke range; 
and, except the short canyons of the two western tributaries, the only 
breaks in this dividing wall are at its north end in Bernardston and in the 
long distance opposite Amherst, between Sugar Loaf and Mount Holyoke. 
Post-Glacial deposits occupy the full width of the Connecticut Valley in 
great complexity and beauty. 

From the northern line of the State the eastern border of the valley, 
sloping rapidly to the bottom, runs nearly due south across the State, 
notched sharply by the gorges of the Millers and Chicopee rivers, and 
rarely opening out into a rounded high-lying valley, as in Pelham, opposite 
Amherst, or breaking down into an elevated plateau, as in Belchertown. 

On the west the high ground crosses the State line but a little way back 
from the river, and for a few miles the valley preserves the same narrow limits 
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and simple character which mark its more northern course. The crystal- 
line rocks are then set back 7 miles to the west, along the northern border 
of Greenfield, and the rocky boundary thence goes south, with sharp east- 
ward slope, notched only by the Deerfield gorge, to be again set back by 
about the same amount along the north of Northampton. It then runs 
south again, interrupted only by the Westfield River, to and beyond the 
south line of the State. 

On both sides the brooks and the roads (which usually follow the 
~ brooks) come down sharply from the uplands, and railroads can enter and 
leave the valley only by the four tributaries mentioned above. 

Just south of where the western boundary first turns westward, in 
Greenfield, a great block of red sandstone hills, occupying the whole town 
of Gill, separates the valley into two parts, the river occupying the eastern 
portion and the narrow, high Bernardston Pass connecting it with the north 
end of the western portion. From the southwest corner of this mass the 
Deerfield trap sheet runs southward, forming Deerfield Mountain, its ver- 
tical western scarp making the eastern boundary of the western lateral 
valley, which preserves its width southwardly through Deerfield, while east 
of it the valley of the Connecticut proper expands into the Montague basin, 
the ridge being much narrower than the block of hills in Gill, which makes 
the northern border of this basin. On the south the great mass of Mount 
Toby shuts in this Montague basin, the river passing in a narrow valley 
between it and the south end of the Deerfield range, which ends abruptly 
with Sugar Loaf, into the much broader Hadley basin, while a deep, nar- 
row valley around the east side of Mount Toby also connects the two. 
By the breaking down of the Deerfield range the Deerfield Valley opens 
widely into the broad Hadley basin, which here has the full width of the 
Connecticut Valley, 14 miles, between the crystalline borders on the east 
and west, though Mount Warner, a mass of crystalline rocks, stands mid- 
way to partly continue the barrier. 

South of Amherst the Holyoke range rises abruptly athwart the valley, 
leaving a narrow passage on the east into the Springfield basin, like that 
around the east end of Mount Toby, while it is broken through for the 
escape of the river just as the latter comes through a narrow passage 
between Mount Toby and Sugar Loaf on its entrance to the basin. 

The Holyoke range extends south along the western border of the 
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Springfield basin, while its steep western slope is the eastern boundary of a 
lateral valley, similar in size and position to the Deerfield Valley, of which, 
indeed, it may be looked upon as the continuation, and this valley extends 
across Southampton and Southwick and, as the Farmington Valley, is con- 
tinuous to the Sound. 

The Springfield basin is also continued beyond the limits of the State, 
and, though contracted at the Enfield Falls, is not terminated until it reaches 
the narrows at Middletown, Connecticut. 

On the east the longitudinal valleys, especially the Enfield Valley, are 
largely due to the folding of bands of newer and harder schists down into 
the gneiss and the subsequent deeper erosion of the latter. On the west, 
where the whole area is occupied by closely folded schists, one can only 
rarely see any connection between the valleys and the durability of the 
bottom rocks. : 

The topography of the northwest portion of Franklin County is, how- 
ever, very plainly influenced by its stratigraphy. The Deerfield River, on 
entering the State, runs southward with the strike of the Hoosac schist. It 
then bends and cuts across this strike at right angles, and then turns south- 
west again with the strike, and repeats this zigzag several times, and at 
last, reaching the great fault at the portal, it turns sharply east across the 
sericite-schists.. All the orographic lines in Rowe—the mountain ridges and 
the intervening valleys—are for the same reason directed southwest, par- 
allel to the abnormal strike of the rocks thereabout. The deep depression 
in which Shelburne Falls lies is plainly the result of the great quaquaversal 
by which the gneiss is here exposed, and is the expression of its lesser 
durability. 

Across the western half of Hampshire and Hampden counties the 
drainage is southeast, and is only in a minor degree controlled by the north- 
south structure of the rocks. The east branch of the Westfield River flows 
from Cummington south to its mouth with the strike, curving around the 
Goshen anticline, and its gorge above West Chesterfield Hollow and the 
gorge of the Westfield Little River are the wildest in the State. 


C:-AsP Talia ie 


GEOLOGICAL OUTLINE AND GENERAL COMPARATIVE 
SECTIONS. 


A long series of Archean outcrops runs from north to south across the 
western portion of the high ground between the Housatonic and the Con- 
necticut valleys, and barely enters the western border of the area here 
described. This high ground is the continuation of the Green Mountain 
range across Massachusetts. Cambrian conglomerate-gneisses (Becket 
gneiss) wrap around these patches of Archean, graduate westward into the 
Stockbridge limestone, and dip eastward beneath the great sericite-schist 
series, which may be placed parallel to the Berkshire and Greylock schists 
on the west. These highly metamorphosed and much foliated sericite- 
schists stand vertical in appressed folds for a long distance eastward and 
then go beneath the extensive graphitic schist series, coming up farther east 
in anticlines from beneath the latter. A remarkable band of amphibolites, 
with enstatite-bearing limestones and enstatite, pyroxene, and olivine rocks, 
all largely changed to serpentine, and with emery, runs down the middle 
of the sericite-schists. It seems to me possibly the equivalent of the Bel- 
lowspipe limestone of Greylock ; and the Bolton limestone, farther east, is 
upon about the same horizon. The upper series of graphitic schists (the 
Goshen and the Conway schists) is less metamorphosed, and shows much 
of the original lamination, though masked by cleavage and foliation. It 
contains many beds of limestone in every stage of change to amphibolite. 
It is a graphitic muscovite-schist, abounding in garnet, staurolite, and 
transverse spangles of biotite. It graduates into the corrugated and 


cleaved Leyden argillite (phyllite) along the eastern border of the elevated 
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area defined above, and upon it rests, at the lower level of the Connecticut 
Valley, the complex Bernardston series—conglomerates, quartzites, lime- 
stone, mica- and hornblende-schists, and gneiss—which is proved by the 
presence of many fossils to belong in the Upper Devonian. 

A complex series of faults, with much westward overthrusting, bounds 
the elevated area on the west. A series of echeloned faults also drops the 
bottom rocks of the Connecticut Valley on the east and makes the elevated 
area a “horst” and the valley bottoms ‘‘griben,” in the nomenclature of 
Suess.’ 

A great stock of tonalite, or quartz-diorite, occupies the eastern border 
of the area and encroaches on the Connecticut Valley. This has come up 
through the thick Whately amphibolite bed. It graduates westwardly into 
the granitite, or biotite-granite. This has emerged in the region of the 
broad Whately limestone bed. This is followed outwardly by a great 
eroup of dikes, of every size, of granite or muscovite-biotite-granite. This 
is in the region of the muscovite-schists without limestone. Each of these 
rocks seems thus to be distinctly influenced in its chemical constitution by 
the rocks it has penetrated and dissolved. On the periphery are great 
quartz veins, and the remarkable tourmaline- and cleavelandite-bearing 
dikes, with minerals containing rare elements. 

Farther west all the sericite-schists and Cambrian gneisses are free 
from later igneous rocks except the great isolated granitite dike in 
Middlefield. 

The valley of the Connecticut may in a general way be called a broad 
syncline, so far as the crystalline rocks are concerned. It is rather a 
broad area of greater crushing and disturbance, which has favored greater 
erosion, and over its bottom the crystalline rocks lie often horizontal or 
in small anticlines and synclines, while on its borders they dip toward 
the center, often with high angles. In attempting to trace the history 
of the valley, it will perhaps always be impossible to assign their proper 
weight to the erosive agencies mentioned above in comparison with 
another agency which has been of prime importance in the formation 
of the valley. I mean that which has produced the great faults and 
the sinking of the areas between the faults. The principal southwest- 


1, Suess, Das Antlitz der Erde, Vol. I, pp. 166, 264. 
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by-south fault, which appears so plainly on the map, forming the eastern 
boundary of the valley across Northfield and Montague, is probably pro- 
longed in the Holyoke range fissure from Mount Tom southward. From 
a point north of Mount Toby a fault branches from the main one and 
is continued down the east side of the valley, a series of great faults 
running south by east at the eastern border of the valley; and much 
the same seems true of the western side, and especially the two settings- 
back of the valley border seem due to the two east-west faults. How 
- far the valley bottom has been depressed between these faults I can not 
determine, but the great thickness of the red sandstone, as shown by 
artesian wells, would indicate that the sinking must have been consid- 
erable after, and perhaps during and before, the deposition of the Trias. 

The region is thus a great ‘‘graben”—a band of country sunk between 
parallel faults; and the great Greenwich-Enfield basin has, at least in part, 
the same character, though here erosion has been the more important agent, 
and in its northward extension into New Salem and Orange the sole agent. 

In both pre-Triassic and Triassic time the Connecticut Valley has been 
a region of extensive faulting and the pre-Triassic faulting extends con- 
siderably east of the present bottom of the basin, especially in the Northfield 
region. 

All the rocks of the area west of the Connecticut reappear in the 
eastern region. The Bernardston rocks are present only in a few outcrops 
in Northfield and farther south, while the Leyden argillite appears in the 
south bank of the Connecticut just below the mouth of Millers River, and 
seems to run down the valley beneath the Trias and to appear west of the 
pond in the center of Leverett. It is also represented lithologically in the 
center of the middle syncline in Monson. 

The salient features of the eastern area are— 

(1) The eruptive rocks, consisting of (a) the great block of diallage- 
granite, or tonalite, and quartz-gabbro in Belchertown and the surrounding 
towns, around which the crystalline rocks are thrown into great confusion; 
(b) the block of diorite in New Salem and Prescott, which seems to have 
produced very little confusion in the surrounding rocks; (¢) The Coy’s Hill 
porphyritic granitite; (d) the large granite areas in Leverett and Amherst. 
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(2) The Monson gneiss —The great plateau of Cambrian gneiss which, 
starting in Northfield, runs through Wendell, Shutesbury, and Pelham, and 
ends against the Belchertown tonalite, furnishes the key to the structure 
of the region. It is another ‘“horst’—a great area of ancient crystalline 
rocks bounded by faults outside which the ground has everywhere sunk 
away. It is, moreover, a region of very gentle dips, unlike the western 
hill country. The rocks, horizontal in the center, dip slightly toward the 
borders on the east and west. It is bounded by north-south faults on 
either side, which extend wholly or nearly across the State. These faults 
are lines or bands of extreme crushing, and outside them the rocks have 
been compressed in sharp folds, as if they had been thrust against the 
unyielding shoulders of the great “horst.” The normal Monson gneiss 
is, however, the ordinary biotite-gneiss. One of the faults mentioned 
runs at the foot of the high grounds along the east border of the broad 
Connecticut Valley, from Northfield south, through the notches at the 
east foot of Mount Toby and at the east end of the Holyoke range, and 
so on through Granby and Wilbraham. As noticed above, this fault 
forms also the eastern boundary of the Connecticut Valley ‘‘graben.” The 
other fault runs in a corresponding position, along the east border of the 
valley of the west branch of the Swift River, through Wendell, New 
Salem, Prescott, and Enfield. ‘The faults are marked by great crush- 
ing of the rocks, by the development of curious ‘fault rocks”—bastard 


granites and green and buff hornstones—and by the cementation of the 
crushed rocks by comby vein quartz and specular iron. Within the “‘horst” 
the Monson gneiss contains a thick bed of a fine-grained actinolite-quartzite 
or at times fine biotite-quartzite or biotite-gneiss. 

(3) The schists—Outside these faults the upper schists are present in 
the same series as west of the river, viz: (a) A feldspathic mica-schist or two- 
mica-gneiss, at times a quartzite or quartz-conglomerate, is the equivalent of 
the feldspathic mica-schist or Hoosac schists and the lower sericite-schist or 
Rowe schists of the west side. This is named after the more persistent and 
important bed of the western area, the Rowe schist. (b) A hornblende- 
schist=the Chester amphibolite. (¢) A micaceous quartzite, very generally 
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containing a hydrated mica or a green chloritic mineral, which is at times 
certainly derived from garnet; or the series is developed as a whetstone- 
schist—that is, as a thin-bedded, finely biotitic, arenaceous quartzite. It is 
the upper sericite-schist, or Savoy schist. (d@) A mica-schist, in great thick- 
ness at times, exactly like the finely corrugated biotite-spangled garnet- 
schist of Conway and Goshen, as in Northfield Mountain, on the Shutesbury- 
New Salem line, and in Monson. Usually it is a coarse, barren, muscovite- 
biotite-schist, like most of the Conway schist, but always without limestone, 
which seems to be replaced by hornblende-schists. It is the equivalent of 
the Goshen schist and the Conway schist. It is named after the more 
important member and the one it most resembles—the Conway schist. 

Instead of appearing in broad areas, succeeding each other from west 
to east—i. e., from below up, as they do in the western hills—the schists 
appear here in sharply compressed synclines which run across the State, 
disjointed by faults and thrown into confusion by the presence of eruptive 
rocks. Four such great synclines can be traced across the State, within 
the limits of the three river counties, though their identity is disguised 
by the fact that metamorphic changes superinduced upon original variations 
in composition have varied greatly both in kind and degree. One may 
especially adduce the fibrolitization which has progressively affected the 
mica-schist from west to east and from north to south. 

For the reasons given above it will be more convenient to follow a 
geographical rather than a geological order in the discussion of the eastern 
schists and to take up the different synclines in succession. 


GENERAL COMPARATIVE SECTION OF ROCKS IN MASSACHUSETTS. 


In the first column of the accompanying general section I have placed 
the section for northwestern Massachusetts, as determined by the labors of 
Professors Pumpelly, Dale, and Wolff, though they must not be held 
responsible for the exact parallelism here attempted. The distinction 
between the Becket conglomerate-gneiss below and the Cheshire quartzite 
can not here be always maintained, and the quartzite graduates both 
laterally and vertically into the limestone. 

The area east of the Connecticut and extending slightly into Worcester 


1 Geology of the Green Mountains in Massachusetts: Mon. U. 8. Geol. Survey, Vol. XXIII, 1894. 
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County forms a strong contrast to that west of the river, and is an area of 
transition to the much simpler structure of Worcester County. Meta- 
morphism and the part taken by post-Carboniferous eruptives increase 
regularly eastward. Such rocks are wanting in the first column and in 
In the eastern half 
of the latter the granites begin and rapidly become important; in the second 


the western half of the country covered by the second. 


other rocks are associated, and in the area of the last column they cover 
more than half the surface. In a column devoted to the Massachusetts 


coast region eruptive rocks would be still more predominant. 


General section showing correlation of rocks in Massachusetts. 


[The names given in the second and third columns are those used in this monograph, Those in the fourth column will be 
used in a forthcoming memoir on the geology of Worcester County. ] 
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Taconic Range and 
Housatonic Valley. 


Berkshire Hills and 
Connecticut Valley. 


East of Connecticut 
River. 


Worcester County. 


Silurian: 


———, 


Upper 


Lower. 


Greyiock schist. 
Bellowspipe lime- 
stone. 


Berkshire schist. 


Stockbridge lime- 
stone. 


Leyden argillite. 
Conway dark corru- 
gated mica-schist 
with garnets. 
Goshen flaggy biotitic 
muscovite-schist 
with quartzite and 
limestone beds. 
Unconformity. 
Hawley actinolitic 
chlorite-schist, 
amphibolite, pyrite, 
and hematite beds. 


Savoy chloritic seri- | 


cite-schist. 
Chester amphibolite, 


with emery, serpen- | 
tine, steatite, and | 


saxonite. 

Rowe quartzose seri- 
cite-schist with 
amphibolite beds. 

Hoosac albitic sericite- 
schist. 


Leyden argillite. 

Conway schist, chang: 
ing eastwardly to 
Brimfield rusty fi- 
brolite-schists. 


Savoy schist. 


Chester amphibolite. 


a 


Rowe flaggy schist. 


Brimfield rusty fibro- 
lite-schist. 


Paxton whetstone- 
schist. 

(Changes east of the 
Carboniferous into 
Bolton gneiss, in- 
cluding Bolton lime- 
stone.) 


Cambrian. 
Zs 


= 


Stockbridge lime- 
stone, lower part. 


| Vermont formation 


(quartzite and 
gneiss). 


Cheshire white gran- 
ular quartzite. 

Becket white con- 
glomerate-gneiss. 

Unconformity. 


Pelham quartzite. 


Monson conglomerate- 
gneiss. 


Algonkian. 


Stamford gneiss (por- 
phyritic gneiss 
with blue quartz). 


Washington blue 
quartz-gneiss. 

Tyringham stretched 
biotite-gneiss. 

East Lee black biotite- 
hornblende- gneiss. 

Hinsdale coarse chon- 
drodite-limestone. 

Hinsdale granitoid 
gneiss. 


Grafton quartzite and 
conglomerate. 
Sutton gneiss. 


Northbridge gneiss. 


— 


CHAPTER IV. 


THE ALGONKIAN? 


GHOLOGICAL DESCRIPTION. 


THE HINSDALE AREA.? 


Before my work had extended to the western border of the region 
covered by this study, my attention was called, in the winter of 1882, by 
Prof. J? D. Dana, to two interesting outcrops of undoubted Archean rocks 
in Hinsdale, a gneiss and a limestone containing chondrodite and a peculiar 
peach-blossom-colored mica, determined by him to be probably rhodo- 
chrome. Although these localities lie beyond the western border of the 
river counties, the same rock extends into the southwest corner of 
Middlefield, and Professor Dana’s discovery was very acceptable to me as 
furnishing a possible base to work from in the complex region under 
examination. 

The two localities in question are at the first cutting west of the 
railroad station in Hinsdale and at the first cutting south of the railroad 
station in Washington, and as they give a much fuller exhibition of the 
series than the limited portion of the same which enters Middlefield, they 
are made in the main the basis of the description following. 

The greater portion of the town of Hinsdale is occupied by an oval 
anticline, elongated north and south and overthrown to the west. This 
extends, much contracted, across Washington, and bending southeastward 
and narrowing still more it enters Middlefield and runs along the south line 
of the town to a point a mile beyond Becket station. The newer gneisses, 
all down the east side of the anticline, dip normally eastward away from 
the older, but here—that is, where the narrow band of Algonkian extends 
east along the Westfield River—a sharp east-west wrinkle forms in the newer 
gneiss, and the older gneiss buckles up through the newer. 


1 Azoic (Lyell), Eozoic (Dawson), Archean, Dana. 
? This will be described in detail in a monograph on the Archean of Berkshire County. 
19 
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Counting from below upward, the Algonkian rocks may be divided 
into four groups: , 

1. Hinsdale gneiss —This is a group of gray biotite-gneisses, generally 
quite coarse and with the jet-black biotite in distinct, elongate patches, 
granitoid and yet well foliated. The broad, fresh cleavage surfaces of the 
feldspar are often strongly curved from pressure. These gneisses weather 
with exceptional rapidity and seem to be calcareous. 

2. Hinsdale limestone—The coarsely crystalline chondrodite-limestones 
form a concentric band around the older gneisses, marked by a series of 
abandoned limekilns, for the rock was economically important before the 
opening of the ‘Western Railroad.” 

3. Lee gneiss.—This is a heavy black hornblende- or hornblende-biotite- 
gneiss. : | 
4. Washington gneiss—A broad band of rusty graphitic blue-quartz 
gneiss forms the outer circle of this Algonkian nucleus. It is in the main 
a biotite-gneiss, but with little mica, and rusty from the decomposition of 
hornblende, pyrite, pyrrhotite, and a ferruginous dolomite. In the whole 
circuit graphite is a never-failing accessory, especially in the upper por- 
tion. The graphite mine at Washington, except for the size of some of the 
constituents, suggests the Ticonderoga graphite mines. Very coarse calcite, 
graphite in broad, thin, hexagonal plates, coarse white sahlite, large green 
pyroxene and hornblende masses, groups of finely terminated pistachio- 
green pyroxenes, brown sphene, and garnets, followed paragenetically by 
coarse calcite with phlogopite, and this by quartz, are some of the points of 
resemblance. 

Another equally persistent and characteristic constituent of these 
gneisses is a blue quartz in flat lamine 1 to 3™ in thickness, which has 
often so deep a tint of rich purplish blue as to furnish beautiful cabinet 
specimens, and is so abundant as to form more than three-fourths of the 
mass of the rock. 

Everywhere in the outer circuit of the Algonkian rocks a band having 
the above peculiarities lies below the lowest beds of the Cambrian con- 
glomerate-gneiss, viz, blue quartz formed in place, disseminated graphite, 
beds of the heavy black hornblende-gneiss, and a general abundance of 
hornblende and a very general rustiness, all associated with intervening 
bands of a common biotite-gneiss. 7 
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From the Washington station the older gneiss narrows and occupies 
the sides and bottom of the narrow canyon, which continues toward Becket 
station. ‘The canyon, caused by the projection of this narrow lobe of the 
older rocks, is one of the most curious and interesting topographic features 
of the region. The lesser capacity of resistance to erosion of the older 
gneisses and limestones has caused the broad depression in which Hinsdale 
lies, and thé southward projection of the same rocks has determined the 
long, narrow canyon in which the waters of the Westfield River, gathering 
in Washington, flow southward, thus providing the only chance for railway 
communication between the Connecticut and Housatonic valleys. At 
Becket station, south of the river, everything is newer gneiss. Just north, 
in the village, appear the hornblende beds of the upper Algonkian band, and 
following the road north to the pasture overlooking the village, one 
finds abundant outcrops of the blue-quartz gneiss and the contact on the 
conglomerate-gneiss striking southeast and dipping northeast—that is, in 
the normal relation to each other. This allows them—the older gneisses— 

to appear in a band on the north side of the brook, which band seems to 
~ contract and come to its apex just at the point where the railroad enters 
Middlefield, so that thence southeastward it appears to be wholly wanting 
at the surface, or is perhaps only concealed in the bed of the river. It 
however makes its presence below manifest by a continuation eastward along 
the river of the overturned anticline without the core of exposed Algonkian, 
until, at the junction of Coles Brook with the river, the Algonkian chon- 
drodite-limestone, accompanied by heavy dark gneiss, buckles irregularly 
up through the conglomerate-gneisses. 


THE COLES BROOK ANTICLINE. 


Just a mile northwest of Bancroft station, Middlefield, the Boston and 
Albany Railroad cuts off a loop of the Westfield River, and Coles Brook 
enters this loop. The railroad runs in a deep cut a long distance before 
reaching this loop, and the cut continues through the loop and most of the 
way to the station. At bridge 143 the Cambrian white or conglomerate 
gneiss in synclinal posture mounts up on the older gneiss, which I have 
called the East Lee or black gneiss from its large development just above 
the limestone in the Lee-Tyringham region. It is especially contorted 
and cut by pegmatite at the junction, and consists of a great thickness of a 
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wavy-bedded gneiss of fine grain and almost black from the abundance of 
the black biotite. (See fig. 1.) Contorted white veins one-fourth inch to 2 
inches wide run through the rock, high up in the cutting, 
with most tortuous course, and on the south side I could 
recognize the spot whence came a great block which has 
long lain in front of the geological museum at Amherst and 
whose origin I had been unable to learn. These “veins” 
are formed by the expulsion of the biotite from their area, 
the white quartz-feldspar mass being continuous within 
and without their limits. 

The black gneiss abuts, apparently by a fault, cer- 
tainly by a wholly abrupt transition, upon a band of the 
coarse white, almost micaless, Hinsdale gneiss, 23 feet wide 
below, but narrowing above. This is followed by a bed 
of white, thin-bedded, highly crystalline chondrodite-lime- 
stone, with thin films of serpentine, forming a beautiful 
verd antique, which is separated by 108 feet of the same 
black Lee gneiss from a second band of a similar limestone, 


SOFFY 


RET 
A COOK 


Me 5 of which only 29.5 feet are exposed. This is followed in 
| the brook bed at bridge 142, and on through the cutting, 

ike by a large mass of the dark gneiss, carrying beds of 

i SS hornblende-schist, until we come, at the fourth telegraph 


Fig. 1.—Algonkian section at Coles Brook. 


pole from bridge 142, upon the fine unconformity where 
* the conglomerate-gneisses mount upon the dark Lee gneiss. 


re Between this point and the Bancroft station the cut- 
O tings expose a long extent of contorted and twisted rocks, 
EW where the beds swing round from horizontal to vertical 


within a few feet. Gradually a low dip eastward predomi- 
nates, and this becomes steeper, and a band of hornblende- 
gneiss 10 feet wide sets in, and at the eighth telegraph 
pole from the station, just at the signal house, a boss of 


ecco 


coarse actinolitic rock derived from the older limestone 
protrudes. All east of the unconformity is Becket gneiss, 

oe except the few hornblende-gneiss masses and the last- 
mentioned boss of actinolitic rock, which are brought just above the railroad 
level by the undulations of the Becket gneiss. 
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The Coles Brook anticline extends north into Middlefield more than a 
mile and a half, following the brook bed for a hundred rods. It is well 
exposed just south of Factory village, by the roadside, for a long distance 
south of the schoolhouse. Large bosses of the coarse limestone appear 
here, flanked on the west by the Lee hornblendic gneiss. 

A still more instructive section is exposed halfway between the two 
localities mentioned above, where the road going west from Factory Brook 
up onto the high ground crosses the limestone near the site of H. Hawes’s 
house (now destroyed). In the bare hill opposite this site the limestone 
and the green actinolitic rock derived from its alteration are abundantly 


Hinsdale Limestone 


An ester Hinsdale 
Pegmatite é AEG K Limestone 
’ ra 
w | imma Eten x 
HinsddleGneiss N30°E.75W N5E. 90° 


25F7 


Fic. 2.—Detailed section of the limestone at Coles Brook. 


exposed in vertical strata, and the white Becket gneiss can be seen mantling 
over it in clear unconformity, starting with steep west dip on the west side 
of the hill, becoming horizontal on the top, and dipping easterly down the 
east side. The true bedding is in places replaced by a secondary vertical 
structure. A coarse, rusty muscovite-biotite-gneiss, with graphite and tour- 
maline in quite large prisms (the equivalent of the Washington gneiss far- 
ther west), accompanies the limestone on either side, extending east to the 
bend in the road and west to the house at the top of the hill. Just east of 
this is a bed of typical Becket gneiss. In the yard of the ruined house the 
mantle of the Becket gneiss is so nearly continuous that a boss of white 
limestone a foot wide projects from the ground, and only a few feet on 
either side the Becket gneiss dips away from it. 

Interest attaches to the fact that the Becket gneiss is so strongly meta- 
morphosed as to form a quarry stone of first quality only in a narrow band 
along either side of the limestone belt, as if the violent upthrust of the pre- 
Cambrian rocks along this narrow axis had exerted an influence upon the 
Cambrian gneisses for some distance outward, producing in them a marked 
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granitoid structure, which disappears pital) as the beds recede from 
this center. 


THE TOLLAND AREA. 


A large outcrop of Algonkian limestone occurs on the roadside in 
Riverton, Connecticut, near the southwest corner of the Granville quad- 
rangle,’ associated with a coarse fibrolitic two-mica-gneiss, which is charac- 
teristically Algonkian in the Sandisfield quadrangle, next west of this, 
where it is a variant of the blue-quartz gneiss. This fibrolite-gneiss enters 
the Granville quadrangle at its southwest corner and runs north by east, in 
a tapering syncline, to a point north of Black Pond in Tolland. 

The rocks often resemble coarse mica-schists, and are scarcely distin- 
guishable from the coarse schists and schistose gneisses on the horizon of 
the Hoosac and Rowe schists, which lie next east of the Becket gneiss, 


except that they contain fibrolite and lie beneath the Cambrian gneisses, 


and in the next quadrangle west can be traced into undoubted connection 
with the blue-quartz gneisses and the chondroditic limestones. 

Kast of the middle of the town of Tolland, at O. E. Slocum’s,? is a 
great quantity of large bowlders of a peculiar coarse hornblendic gneiss, 
often brecciated, with black hornblende, colorless quartz, and orthoclase. 
Some masses are medium-grained, some coarse, with hornblendes 4 to 
5 inches long and 1 inch square at base. This rock is mentioned by 
President Hitchcock, but I could not find it in place. It probably was 
derived from the Algonkian anticline to the west. 


PETROGRAPHICAL DESCRIPTION. 


LOWER OR HINSDALE GNEISS, HINSDALE STATION. 


The coarse gneiss just above® the limestone is granitoid in texture, 
and contains:in abundance a fresh black biotite in large scales, which in its 
upper layers are aggregated into concretionary masses, flattened-out lentic- 
ular nodules made up wholly of fine scales of biotite and epidote. These 


1 The four-cornered division of the earth’s surface represented on one of the sheets of the Topo- 
graphic Atlas of the United States is called a quadrangle. 

* The manuscript of this work was mostly completed before the atlas sheets of the United States 
Geological Survey were issued, and the ae of names refer to those upon the county atlases of 
F. W. Beers. 

’Stratigraphically below, as the rocks are overturned, 


THE HINSDALE GNEISS AND LIMESTONE, 25 


nodules are placed in lamination planes about 30™™ apart, the interspace, 
except for rare thin films of the same, being made up of a dead-white mix- 
ture of much feldspar and little quartz, mostly fine grained, but with here 
and there large curved cleavage faces of orthoclase exposed. It contains 
pyrite in small pentagonal dodecahedrons and_submicroscopic zircons of 
dark clove-brown color. Under the microscope the rock is much dusted 
with minute inclusions which give it an opaque white appearance. The 
quartz contains a few short, straight, black microlites, unlike the long 
rutile needles of the granites. The trains of cavities are very abundant, 
and often run through several grains of quartz, suggesting crushing. The 
orthoclase shows all stages of decomposition into epidote. At the begin- 
ning the epidote gathers in small crystals in the two cleavage planes. The 
microcline is filled with the same short, black microlites as the quartz, and 
shows most beautiful microcline structure. The only place where a rock 
of this type appears in the old Hampshire County area is in the coarse mass 
which adjoins the Coles Brook limestone on the west. It contains, as does 
the pre-Cambrian gneiss of the Tyringham Valley farther south, a white 
orthoclase in large cleavage plates, which exhibits a rich blue opalescence. 


THE HINSDALE LIMESTONE, HINSDALE. 


Fifty rods west of Hinsdale station the limestone occurs with an 
exposed thickness of 25 feet (the top not seen) and dips 30° EK. Light 
hundred and thirty feet farther west, at a stone mill, a gray epidotic gneiss 
occurs, with strike 30° S. and dip 65° E. 

The limestone is a white to pink, rather coarse (grains 8-—5™"), highly 
erystalline rock, with a certain translucency in the grains which distin- 
guishes it immediately from all the other limestones of western Massachu- 
setts and allies it to the limestones of the Adirondacks. It carries coccolite, 
phlogopite, biotite, actinolite, chondrodite, pyrite, and magnetite. Generally 
the coccolite or the chondrodite, or both, are so abundantly and evenly 
scattered through the mass that it deserves the name coccolitic limestone or 
chondroditic limestone, and the accessory minerals are so arranged as to 
give the mass a distinct foliation, especially when the chondrodite and 
biotite predominate. | 
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An analysis performed in the laboratory of Amherst College by Mr. 
F. H. Fitts gave the following results: 


Analysis of Hinsdale limestone. 


Per cent. 

Insoluble in AGL 225 2h5.220:Ss eos oe eee eee ee eee 21.96 
0.50 en ee en Ae te EN Sos cod OS Sea CIES sae ses Ani shh 
MEO foo secdce odie Nees SOD ee oe eo on ee 1.87 
POO. ooo wisn od Ree. Bs 2s oe ee ce © C20 Ge ee 
COg.. asa cines obs Stake ee, See Roe ee ee ee ha ok 2 ae ee 3471 
Total. oo cess setts ae oe See RS oa lara: 3 oy ee 100. 53 


The chondrodite is disseminated through the rock in yellow patches 
elongate and parallel to one another, and as it in places changes into black 
patches by the admixture with it of a green mica and magnetite the resem- 
blance to the boltonite from Bolton, Massachusetts, is striking, especially in 
specimens of the latter which are changing to serpentine. In large masses 
it is a rich deep-red, like the chondrodite from the Tilly Foster mine. Under 
the microscope the patches of the mineral are seen to be made up of crys- 
alline grains fresh and free from inclusions, and enwrapped by scales of at 
pale-green micaceous mineral, without any indication that the one mineral 
has been derived from the other. The mineral shows strong dichroism, 
honey-yellow to deep red-brown. Toward the surface of the ledge the 
chondrodite weathers to a honey-yellow opaque mass. 

The phlogopite is in small, thick crystals with rounded borders, having 
exactly the same bronzy color as the phlogopite from Templeton, Canada. 
Its crystals are generally surrounded by a band of scales of greenish-gray 
biotite. Both minerals are fresh, and there is no indication of a transition 
of one to the other. The mineral is optically negative and has the same 
axial angle as the Templeton phlogopite. 

The biotite is disseminated in black scales through some parts of the 
rocks; at times as isolated crystals with rounded contours; at times bordering 
the phlogopite in greenish-gray, matted scales, or the chondrodite in thinner, 
deeper-green scales. All these occurrences are nearly uniaxial and negative. 

The pyroxene occurs in dark-green grains of coccolite scattered through 
the limestone and in small, stout, limpid emerald-green prisms in the pink 
variety of the rock. 

The magnetite and pyrite are in small crystals and crystalline grains, 
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the former often associated with the chondrodite, the latter always in small 
complex crystals. 
THE COLES BROOK LIMESTONE. 


The limestones of this’ locality are first noted by President Hitchcock 
in his Final Report’ as occurring in the west part of Middlefield on Pon- 
toosuc turnpike and on the railroad at the mouth of Coles Brook and 1 mile 
east. Both beds are said to extend south into Becket, one, the easterly (?), 
appearing in the southeastern part of the town, on the “Billy Messinger” 
farm; also 2 miles farther south, on the old Becket turnpike. It is a more 
or less crystalline, white, impure magnesian limestone. A delicate variety 
of serpentine is mixed with the limestone, forming a beautiful verd antique, 
and in the south of Becket tremolite, tale, and titanite occur in it. 

The following analyses are given: * 


Analyses of Coles Brook limestone. 


[No 1, Coles Brook; No. 2, 1 mile east of Coles Brook (a); No. 3, Becket, southeastern part; No. 4, Blandford. | 


| 


1 2: ets [iad A 
| 
CAC OMe rees Aaa VSO. 56.25 | 88.02 | 58.31 | 51.66 | 
MgC Oj eeheteccdlsdvencce-S2nse4s~. 31. 56 Sot 28.61 | 39.48 
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OSes auld oe eee eee 2.78 Pap 2. 82 2.77 


a This locality, 1 mile east of Coles Brook, can not be located. The analysis contains so little magnesium and 
silicon that I suppose the specimen came from a bowlder of the Stockbridge marble. 


I have added the analysis of a limestone from Blandford from the same 
table, which proves to be a bowlder, doubtless from the Becket locality, 
and, like it, contains tremolite and tale. These large bowlders occur abun- 
dantly, and the one which is noted in the 1841 report as a ledge of lime- 
stone, in the northwest portion of the town of Blandford, was found to be 
a bowlder by Mr. 8. A. Bartholomew, who used it and many others in his 
limekiln and traced them northwest to the outcrops in Becket. The micro- 
scopic description of the Hinsdale station limestones given above will apply 
wholly to these, and the change of chondrodite into the serpentine may 
be followed better here. ‘The former rock is, however, coarser, and the 


1Geol. Mass., 1841, pp. 81, 85, and 567. 2Tbid., p. 80. 
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included minerals are in larger individuals, and so better fitted for mineral- 
ogical study. 
THE BLUE-QUARTZ GNEISS, PERU.! 

This is arusty, fine-grained gneiss, with little mica (biotite), in distant flat 
sheets of small scales, and with greasy blue quartz in grains and flat plates 
1 to 38™ thick, which often coalesce into parallel layers of considerable 
extent. These layers are plainly secondary infiltrations in a fine-granular 
ground which has the aspect of a fine sandstone or quartzite. Under the 
* microscope this ground proves to be an exceedingly fine-grained mixture 
of quartz, orthoclase, microline, and, in abundance, minute scales of mus- 
covite, and it is such a structure as may have been produced by the crushing 
of a granite and the change of most of its feldspar into muscovite. 

The blue quartz contains a few minute broken rutile needles, rarely 
cavities containing small, rapidly moving bubbles, and many sheets of very 
fine pores or grains of some mineral. These are rudely parallel. There are 
a few distant fissures. A fragment heated for a long time with the bellows 
blowpipe retained its color without perceptible change. It shows, with 
plane-polarized light, small traces of undulatory polarization, and the 
whole of each of the bands of the blue quartz, however large, polarizes as a 
single individual. The sections were cut at right angles to the foliation, 
but with what direction in that plane I do not know. It is interesting that 
in each case they are cut at right angles to the optical axis, and the slide can 
be moved from one end to another of the blue-quartz bands—1-2™ wide, 
15™" long—and the optical figure remains sharply defined, regular, and 
unchanged, which would seem to militate against the explanation of the color 
as due to strain. 

It is, however, a very remarkable fact that these slides still show the 
lavender color distinctly with transmitted light when examined with the lens 
or the eye alone, in spite of the fact that it is of so pale and dilute a charac- 
ter that one would not expect to see it in so thin a film. Moreover, narrow 
bands, at times branching, run across the colored layers, in which the color 
is wholly wanting; and these bands, when examined in pdlarized light, are 
made up of a fine mosaic of quartz fragments. It is thus plain that the 
blue color is due to the state of tension in which the quartz is held, and 
disappears when this tension is relieved by rupture across the mass. 


' Residence of H. A. Messenger. 
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THE LEE GNEISS. 


Amphibolite from Washington.’ Black, fine-grained, distinctly bedded 
rock. Microscopic hornblende abundant in small, thin plates, of medium 
absorption and pleochroism. c=b>a; c=pale indigo; t=olive; a=pale 
ocher. Menaccanite in large, shapeless masses, with broad border of 
leucoxene, abundant; little biotite. 

The common feldspathic mosaic forming the groundmass of the rock 
is so covered up by the hornblende blades and of so fine grain that it is 
not possible to determine the variety of plagioclase which is present. There 
is not the slightest trace of cleavage or twinning, and thus there is small 
ground to suppose the rock to have been greatly influenced by shearing forces. 
At the same time, the separate rounded or polygonal grains of which the 
mosaic is composed show quite uniformly, when examined with plane- 
polarized light, a form of undulatory polarization which I have called in 
the following notes concentric polarization. A single grain becomes black, 
first at the border, and the darkening advances regularly toward the center, 
and it sometimes requires a rotation of 45° to render the whole fragment 
dark. At times such a fragment is cracked into several parts without 
disturbing the regularity of the above process. 

In the absence of cleavage and twinning it is not possible to think of 
this as a result of strain from the external forces which have deformed the 
rock. It also is without the banded zonal arrangement which usually 
accompanies changes of chemical composition, and where a distinct crystal 
has been broken up into such a mosaic the fragments show this peculiarity 
in a striking manner. It is a structure characteristic of the whole series of 
amphibolites described in the following pages, and especially of several forms 
which are certainly derived from limestones. This amphibolite preserves no 
residual structures pointing to an eruptive origin. It is a long, interbedded 
stratum, parallel with and near to the Hinsdale limestone, and it is a distinct 
associate of this rock and reappears with it in the Coles Brook band. It 
occurs also as a continuation of the limestone seen on the Alderman farm in 
_ Becket, where in one place the limestone is changed into white tremolite- 
schist for 7 feet in from the contact and in another into black amphibolite. 
It is also seen at the interesting outcrop in Middlefield described above; 


1C. F. Lyman’s pasture, east of the graphite mine. 
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and the same is true throughout Berkshire County.’ I think it probable 
that the rock was derived from an impure limestone, but must leave its ori- 
gin in doubt, because no lithological criteria can be found that will distin- 
~guish amphibolites derived from lavas or tuffs and those derived from 
impure limestones. In the succeeding sections treating of the amphibolites, 
to which reference may be made (see Chapter X), only those from the east 
of the river in Leverett have shown distinct residual characteristics peculiar 
to eruptives and comparable to those found in the altered eruptives of the 
. Baltimore (Maryland) area and of several foreign localities. 


RESUME. 

These oldest gneisses are coarse, often very coarse, often granitoid, 
and the cleavage surfaces of the large microclines are strongly curved. 
Allanite is very generally distributed, at times abundant. 

The chondrodite-phlogopite-limestones are characteristic. — 

‘The upper gneisses, often strongly foliated, are marked by the universal 
distribution of graphite, at times so abundant as to tempt mining, and by 
the abundance of the peculiar blue quartz, of hornblende, and of iron rust. 
Allanite is even more abundant here. 


‘Professor Kemp has recently called attention to the fact that similar black hornblendic rocks 
are constant attendants of the pre-Cambrian limestones of the Adirondacks, fringing the beds both 
above and below. Geol. Moriah and Westport: Bull. N. Y. State Museum, Vol. III, 1895, p. 329. 


Colas Pe RB RVs 
THE LOWER CAMBRIAN GNEISSES. 


THE BECKET CONGLOMERATE-GNEISS. 


This gneiss skirts the western border of Hampshire and Hampden 
counties, inclosing narrow strips of Algonkian rocks in Middlefield and 
Tolland, and stretches westward across the first two tiers of towns in 
Berkshire County, around many pre-Cambrian areas, to enter into most 
complex and obscure relations to the Stockbridge limestone and associated 
rocks of western Berkshire. It is thus much more amply developed beyond 
the boundaries of the river counties than within them, and I have for 
convenience given it a name from the town in Berkshire where it may be 
best studied. It rests upon the older gneiss in great beds of highly altered 
quartz-conglomerate, as at the Hoosac Tunnel central shaft and at the 
Dalton Clubhouse, and graduates in its upper portion into the Cheshire 
quartzites, so largely used for glass-making. The rock is unconformable 
upon the lower series. 

With many exceptions, especially where it folds round the older rock, 
as given in detail below, the strike is the prevailing one of the region, 
varying but little from north and south, and the dips are high. 


CONTACT UPON THE WASHINGTON GNEISS BELOW. 


As it passes down the eastern side of the area of older rock in Hins- 
dale it dips away from it with some irregularity, which is confined to the 
immediate vicinity of the contact; farther away it regains the normal north- 
south strike and a dip which varies but little from verticality for long dis- 
tances. As it swings around the southern end of the underlying gneiss it 
dips away from it with low angles, changing from east through south to 
west, and it is at the same time so far affected by the strong east-west com- 
pression which has molded the whole region that it is thrown into a series 
of subordinate folds with axes radiating outward and pitching from the old 


gneiss, which has thus assumed the réle of a foreign and more resistant 
31 
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body during the later folding of the newer gneiss. This is well seen along 
the railroad from above Becket to Bancroft station, in Middlefield, where 
one passes four principal anticlines with their intervening synclines, as well 
as many subordinate flexures, all pitching southward. 


DESCRIPTION OF THE ROCK. 


The prevailing rock is a rather fine-grained biotite-gneiss, always in 
some degree friable and breaking crisply, and without the extremely firm 
texture of the older series. Sometimes it is, while seemingly quite fresh, 
so softly saccharoidal as to crumble under the pressure of the fingers, and 
again so brittle that a blow of the hammer will punch a square hole in the 
middle of a thin slab without cracking it. It shows clear gray shades, 
dependent for their depth upon the amount of the biotite present, which is 
in clear black to dark-brown scales, both the feldspar and the quartz being 
colorless, limpid, and much fissured. It contains very few accessory min- 
erals and only small and unimportant veins of coarse granite. It varies 
from a very thin-fissile rock—“scaly,” the quarrymen call it—to a fine- 
grained granitoid-gneiss, furnishing a quarry stone of the first quality, equal 
to anything in New England for all kinds of monumental work. 

It is best exposed for study along the Boston and Albany Railroad 
below Becket station, and a brief description of this section will give a 
good view of the range of variation in the rock, although it must be noted 
that the section is not taken at right angles to the dip, and that it contains 
several repetitions of the same strata, as the folds around the older gneiss 
are traversed. 

From Becket station east to the Middlefield line the older, rusty, pre- 
Cambrian gneiss with small segregated granite veins continues, passing three 
bridges, and changes here immediately into a light-colored, fine-grained 
granitoid gneiss, which continues a long distance to the next (fourth) 
bridge, becoming gradually bedded. The change takes place across the 
strike, and the rock dips 70° E.; the passage being apparently from lower 
to higher beds. A little farther, east of the next (fifth) bridge, and thus 
still higher up, a stratum of thin and wavy bedded muscovite-gneiss occurs, 
which is quite exceptional so far east in this series. Then for a long dis- 
tance a ‘“‘scaly” biotite-gneiss, often subporphyritic and rusting from the 
abundance of the pyrite which is disseminated through it, runs on in great 
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folds, the general strike coinciding with the course of the railroad, until the 
large quarries on the north side of the road are reached. These were worked 
in 1887 by the Clark Hill Granite Company, Mr. J. H. Adams, of Dalton, 
being the principal owner. 

I am indebted to the superintendent, Mr. Hopkins, of Becket, who 
opened some of the first quarries in the region, for much information con- 
cerning the working of the quarry. Besides supplying much rough stone to 
the railroad and shipping many paving stones to Holyoke and other cities, 
this quarry furnishes a fine, light-colored granite of medium grain, obtainable 
in large blocks and suitable for all the uses of architecture, and a finer- 
grained, darker stone of very even grain, which, if it can be quarried in as 
large blocks as the bed promises from surface indications, will be very valu- 
able as a monumental stone and for all the finer classes of work for which 
granite is employed where its somewhat somber shade, when polished, is 
not objectionable. The “granite” extends far north into Clark Hill, on the 
south slope of which these quarries extend for a long distance, parallel to 
the railroad, and crosses the river to the south into Becket, where also are 
quarries. Some small segregated veins and lenses of pegmatite cut the 
rock at the quarry. 

The bedding of the granitoid gneiss of the quarry can be clearly seen, 
and is nearly horizontal, corresponding with the more plainly foliated rock 
adjacent, along the railroad, which seems certainly to grade into the 
quarry rock. 

Between the next two bridges is again a great development of the same 
granitoid gneiss, followed by a thin, flat-bedded gneiss, banded in gray and 
reddish layers. Another band of the fine-grained granitoid gneiss separates 
this in the western entrance of the Coles Brook cut from the heavy, dark 
gneisses of the Algonkian. (See section, fig. 1, p. 22.) 


DISTRIBUTION. 


The rocks of this series occupy the western part of Middlefield, which 
is in Hampshire County, but beyond the limit of the map, and stretch 
across Becket, which is in Berkshire County. The broad band of workable 
granitoid gneiss seems to be continuous across the whole length of Becket, 
and it is used extensively by the Chester Granite Company, which obtains 


its materials from quarries in the eastern part of Becket, not far south of the 
MON XXIX——3 
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road running west from Chester station. This company has already put 
upon the market a large quantity of stone of the first quality. The rock is, 
when polished, a clear, dark gray—too dark for many purposes—and when 
left with a rough surface is almost white, producing a marked contrast 
where the two kinds of surface are juxtaposed. The ‘‘sap” of the stone in 
the quarry is thin and white, showing it to be very durable, and the pyrite, 
which exists in small grains, seems not to be subject to oxidation, unlike 
that in the thin-bedded portions of the same rock. If it shall prove equally 
changeless in the worked surfaces after long exposure, the deposit is of great 
importance, as flawless blocks of the largest dimensions can be obtained, 
and the extent of the quarry rock is very great. 

The gneiss enters the area of the map again at the northwest corner of 
Blandford and extends, with similar characteristics, down the western side 
of the town, widening to the east so as to occupy the whole width of Tolland 
and half that of Granville. 

Following the band across Blandford, one finds it supper portion, nearest 
the mica-schist, to be everywhere thin-fissile, rusty, contorted, and more or 
less shot through by granitic veins; and where it widens out to the south 
the increased area seems to be occupied by these upper thin-fissile biotite- 
gneisses and worthless rocks, and west of Tolland the granitoid gneiss 
either passes down or has run out entirely. 

In some places in Tolland the rock approaches so closély the most 
feldspathic variety of the next series—at the blacksmith shop in the village 
even containing large garnets—that I have questioned whether one or more 
folds of this series are not included in the older eneisses. 

It extends south into Connecticut as the western part of Percival’s K 2, 
from which, on the east, the mica-schist is not separated. Far to the east 
the same gneiss rises again from beneath the hydromica-schists east of 
South Mountain, in the southern portion of Granville. It is here a gran- 
itoid gneiss of the common type, which extends southward into Connecticut, 
and is marked I2 upon Percival’s map. | 


PETROGRAPHICAL DESCRIPTION. 


1. Granitoid gneiss from Clark Hill quarries, Middlefield. ‘Finest 
quarry stone.” 


1J. G. Percival, Rept. Geol. Conn., 1842, p. 113. 
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A fine-grained biotite-granitoid gneiss of gray color, with shade of 
brown. _ The deep-brown biotite is scattered through a fresh colorless mix- 
ture of quartz and feldspar. ‘TTitanite is so abundant as almost to deserve 
place as an essential constituent. The lens shows a wholly even-grained, 
very dusty mass. 

Under the microscope the quartz is characterized by the small number 
of inclusions it contains, rarely fluid pores with large, slow-moving bubbles 
in the largest grains. The long rutile needles are wholly absent; stout, 
flat muscovite microlites occur. Orthoclase appears in large, clear grains. 
Microcline is the most abundant and the most recent feldspathic con- 
stituent. 

Biotite in deep greenish-brown, jagged grains fits itself to all the other 
constituents, and so is of later formation. 

Muscovite appears in small quantity under the microscope. 

Titanite appears in large, well-formed crystals, wine-yellow, and in 
abundant smaller, irregular-clustered grains. 

Minute zircons, highly refractive, elongate, with rounded outlines, are 
not rare. 

Magnetite and titanic iron are wholly absent. 

2. Granitoid gneiss from Clark Hill quarries, Middlefield. Coarse 
quarry stone. 

A medium-grained, light-gray muscovite-biotite-granitoid gneiss, whose 
clearer color, as compared with the preceding, is produced by the increase 
in the size of grain of the other constituents, while the mica does not increase 
in size or quantity. The lens shows larger, limpid grains scattered in a 
disconnected, granular, dusty, and micaceous groundmass, which is identical 
with the whole mass of the preceding variety. 

The quartz rarely includes rutile needles, and contains, especially in 
the larger grains, sheets of pores, often negative crystals, a few with large 
motionless or slow-moving bubbles. 

The orthoclase is in subporphyritic masses, rendered turbid, as 
usual, by an opaque white substance (kaolin?), which also occurs as an 
exquisite dendritic growth thrust out among the fissures between the quartz 
grains and appearing black by transmitted and silvery white by reflected 
light. 

In one quadrangular section of orthoclase cut about parallel to « P % 
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(010) a great number of sheets of fluid pores with moving bubbles appear, 
arranged part parallel to 0 P (001) and part parallel to o P (110). 

Microcline is abundant, with microperthitic structure. 

A plagioclase near albite occurs. 

The biotite is deep red-brown. 

Muscovite appears abundantly, in microscopic scales. 

Titanite is very abundant in congeries of grains, in one or two cases 
inclosing a grain of menaccanite. 

Zircon appears in regular square prisms P (111)  P (110), colorless. 

3. Granitoid gneiss, Becket. The best quarry stone of the Chester 
Granite Company. 

Of slightly coarser grain than the best stone at the Clark Hill quarry, 
and of clear gray color—a muscovite-biotite-gneiss. The lens shows larger 
limpid grains in a porphyritic granular groundmass, which contains all the 
biotite and is somewhat dusty. 

The larger grains are mostly quartz, without rutile needles, and with 
minute fluid inclusions showing motionless bubbles of elongate shapes. 

Orthoclase occurs in rare, large grains, much dusted. 

Microcline is in secondary growths cementing a great number of grains 
together. It is very fresh. 

Plagioclase is rather rare. 

The biotite is deep greenish-brown. 

Titanite is visible with a lens, but is present in only small quantity 
in the slide. 

No zircon or magnetite occurs. 


CRUSHING TESTS. 


Prof. J. F. Kemp has given’ some valuable facts in regard to the 
granite quarried by the Hudson and Chester Granite Company at Becket, 
Massachusetts. He says: 

‘An analysis, which is the mean of two closely agreeing duplicates, was 
made by Prof. L. M. Dennis, of Cornell University, and the soda is given 
by difference, because in the NH,Cl and CaCO, used in the determination 
of the alkalies some sodium was shown by the spectroscope. 


1 Trans. New York Acad, Sci., Vol. XI, p. 4. 


CRUSHING TESTS OF THE BECKET GRANITOID GNEISS. Bt 


Analysis of granite from quarries at Becket, Massachusetts. 
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‘Crushing tests were made on five sample cubes with the Emory testing 
machine in the School of Mines, and as preparatory to this the specific 
gravity was found on four cubes at 2.688, 2.687, 2.684, and 2.688. After 
three weeks’ soaking these cubes absorbed water, respectively, 0.0021, 
0.0021, 0.00224, and 0.0026 per cent. The cubes were first ground and 
polished so that the faces next the jaws of the crusher were parallel within 
a limit of error of 0.005 inch. The cushion employed between the cubes 
and the jaws was blotting paper. The crushing tests gave the following 
results: 


Crushing tests of granite from quarries at Becket, Massachusetts. 


NG I III. ae Vic 
Heigh tic. 2 eames see es = inches..| 2.033 1. 983 2. 059 2.011 2, 009 
Breadth: ese scasse csc inches..| ~ 2.0 2.13 2, 02 1b Or 2. 03 
Mhickneéss).2 -3stkeosee. ck sk inches..| 2.1 1,99 2.03 2. 03 2.03 
DOD Sie0esnkiylse ete aise sq.inches..| 4.2 4, 23 4.1 4.0 4,12 
Maximum compression ....pounds..| 113,200 | 122,000 | 106,000 | 101,400 | 108,700 
Crushing strength.... per sq. inch..| 26, 952 28, 841 25, 853 25, 350 26, 383 


‘The cubes exploded without previous cracking. This strength is excep- 
tionally high, as the general run of granite is far less. It does not, however, 
equal the elolite-syenite of Little Rock, Arkansas, which was tested by the 
late J. Francis Williams (see Annual Report of Arkansas State Geologist, 
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1890, Vol. IL), where results of over 30,000 pounds were obtained; but it is 
far beyond the requirements of building. 

‘“‘Cubes of the rock were also boiled in acid. One which was thus 
treated for five hours in boiling dilute*HCl (1 part HCl of specific gravity 
1.20 to 20 parts H,O) lost 0.59 per cent in weight. A second cube treated 
in the same way in boiling dilute H,SO, (1 part H,SO, of specific gravity 
1.84 to 20 parts H,O) gave a loss of 0.48 per cent. Both these results indi- 
cate a great resistance to natural solvents. ‘Two large cubes were placed in 
a muffle and maintained at a bright red for half an hour. One was allowed 
to cool just below redness and then plunged in cold water. It caused 
one crack that extended half through. The other cube was allowed to 
cool slowly in the air, and showed a thin external crumbling layer. When 
these results are compared with somewhat similar tests of other granites, as 
set forth by Mr. G. P. Merrill in his valuable work, Stones for Construction 
and Ornament, and with others in Vol. I of the Final Report of the Geo- 
logical Survey of Minnesota, and others by Dr. A. W. Jackson in the recent 
annual reports of the State mineralogist of California, it appears that the 
Chester’ stone endured well.” 


THE GNEISS AT SHELBURNE. 


The oval area of gneiss on the Deerfield River, at Shelburne Falls, 
has long attracted attention as a very striking illustration of erosion2 It is 
a regular quaquaversal. The gneisses in the center of the area are in the 
main horizontal, though much contorted. Toward the borders they dip 
under a bed of hornblende-schist, which frames them beautifully, and this 
schist in turn dips outward on all sides beneath the mica-schists, and these 
dip outward also, with gradually increasing inclination. 

The erosion which wore through the newer beds domed over the gneiss 
has cut more rapidly into it, so that the gneiss occupies now the bottom of a 
deep circular basin and rises high up the sides of the surrounding hills, where 
it is capped by the newer beds. This basin is cut across by the Deerfield 
River and its tributary, the North River. 

The rock is very largely a biotite-gneiss of medium grain, granitoid and 
light-gray, as at the quarry by the railroad on the western boundary of the 


1 This should be Becket; the quarries of the company are in Becket and the workshops in Chester. 
°K. Hitchcock. ‘Ten thousand feet of vertical thickness have disappeared.” Elementary 
Geology, 1860, p. 121. 
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outcrop. Here it is:not to be distinguished from the Becket or Monson 
gneiss. Under the microscope it is so fresh that the quartz and feldspar 
are scarcely visible without polarizer. Below the falls the gneiss is greatly 
dislocated, and many varieties alternate in much confusion. A white bio- 
tite-granitoid gneiss is followed conformably by a similar but thin-bedded 
rock. These are faulted against a greenish gneiss containing many inter- 
mixed fragments of schist, and against this rests the contorted hornblende- 
gneiss which furnished the beautiful bowlder now adorning the vestibule 
of the geological museum at Amherst, which was figured by President 
Hitchcock.! The rock is made up of thin bands of a very hornblendic 
gneiss, alternating with equally thin bands of a white gneiss, and the whole 
folded with a remarkable complexity. On the south side of the stream the 
black hornblende rock rests upon the biotite-gneiss exactly as it does on the 
top of Bald Mountain (now called Massaemet), and it is not impossible that 
the deep basin has been formed by a sinking of its bottom about 1,200 feet. 
Bald Mountain is the eastern border of the basin. 

Toward the southwest of the area the rock is a thin-bedded_ biotite- 
hornblende-gneiss with few garnets and with pyrite. 

At the contact under the bridge on the road to Charlemont the rock is 
a rather fine-grained, thin-fissile biotite-gneiss, with few red garnets and 
some thick, compact quartzose beds. Above this is a very cortorted horn- 
blende-gneiss. On the road south from Shelburne Falls along the east side 
of the river, and near the south border of the gneiss, the latter wraps around 
a great mass of hornblende-schist, as if it were a granite rather than a gneiss. 

It is with some reserve that I identify this gneiss with the Becket and 
Monson gneisses. The gray gneiss can not be distinguished from the upper 
portion of the Monson gneiss, except that it is not “stretched.” The thin- 
bedded hornblendic gneiss in many ways suggests the idea that it is devel- 
oped from the hornblende-schists which surround and once capped the 
gneiss, and it is unlike the hornblendic layers in the Monson gneiss. I have 
been brought to weigh these matters with care because of a more serious 
difficulty. At the Goshen anticline, next south, the calciferous mica-schists 
are broken through, and we have the normal section in descending order: 

1. Corrugated schists=Conway schist. 


2, Flags=Goshen schist. 
3. Chloritic and hornblende-schists= Hawley schist. 


} Calciferous mica-schist. 


1. Hitchcock, Elementary Geology, 1860, p. 26. 
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Going west across Goshen and Cummington, we find the same series 
repeated and carried still lower, thus: 
_ 4, The upper sericite-schist=Rowe schist. 
5. The hornblende-serpentine band=Chester amphibolite, 
6. The lower sericite-schist=Savoy schist. 
7. The feldspathic mica-schist=Hoosac schist. 
8. The Becket gneiss. 


Now in the Shelburne anticline one passes directly from the corrugated 
schists (1) to the gneiss (8), with only the intervention of a single horn- 
blende band, often not more than 50 feet,thick, and this bed thus replaces 
the Goshen flags and the whole sericite-schist series. 

It is true that the first bed of limestone above the hornblende-schist is 
white and slightly actinolitic, but it has a border of hard, black hornblende- 
garnet rock, so characteristic of the limestones of the Conway schist. An 
inspection of the map will show that the normal succession of the beds 
occurs across Shelburne exactly as across the towns north or south of the 
Shelburne gneiss, from which one is inclined to hesitate between three sup- 
positions: (1) That the Shelburne rocks are the sericite-schist (4 to 6 above) 
grown feldspathic; (2) that all the beds of the flagstone and sericite-schist 
series, so abundantly developed just to the west, have thinned out to the east, 
so that they are represented only by the thin hornblende band; and (3) that 
the granitoid gneiss is an intrusive rock grown gneissoid by pressure. I 
am inclined to accept the second supposition, as the hornblende-schist is 
almost certainly the continuation of the Hawley schist, and one may assume 
that the gneisses formed an island larger than the present exposure during 
the deposition of the sericite-schists and the flagstones. The diminished 
thickness of these two series east of the Connecticut harmonizes with this 
assumption. ‘The coloring adopted on the map accords with this hypothesis. 

Contacts—Going south along the west side of the river into Conway, 
20 rods north of L. W. and B. A. Andrews’s house, one passes for a long 
distance over a thick-bedded, white biotite-gneiss, and finds this changing, 
in the hillside west of the road, into a thin-bedded hornblende-biotite-schist 
with garnets and pyrites. | 

The transition is sudden to the hornblende-schist above, and the two 
rocks are not separated by any fissure, but are welded together intimately. 
The schist is a thin-bedded hornblende-schist with few garnets, black, 
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lustrous, with some beds gneissoid and some marked by the absence of 
hornblende from spots which appear like porphyritic feldspars but are 
composed of a granular feldspathic mass. At the top of the hornblende- 
schist the contact is also visible, and the change is sudden into a rather 
coarse, slightly rusty, gray muscovite-schist with few garnets. 

Directly across the river, back of J. Dole’s house, the rather coarse 
white gneiss is followed immediately by an arenaceous hornblende-schist, 
gneissoid as before, and this is separated from the mica-schist above by a 
small mineral vein. 


THE MONSON GNEISS AND ASSOCIATED ROCKS. 


Amos Haton says,’ referring to the gneiss range east of the river: 
“This range evidently passes under the Connecticut River, accompanying 
the granite and covered by other strata, and rises with it on the western 
side,” and I have, myself, no hesitation in associating the bands of gneiss 
which cross the State east of the Connecticut with the Becket gneiss on the 
west of the river, on both lithological and stratigraphical grounds. They 
are, however, nowhere known to come into visible contact, and in default 
of this final proof of their identity I may consult convenience and give 
this rock also a separate name and treatment. It is the C4 of Percival2 
Beginning north of the great bend of the Connecticut, opposite Middletown, 
it runs north, and in a quarry at Portland, to which I was kindly guided 
by Prof. William North Rice, of Middletown, it is so exactly like its con- 
tinuation farther north that in hand specimens and in mass it could not be 
distinguished from the products of the quarries of Monson or Pelham. It 
enters the State from the south in two narrow bands, separated by newer 
rocks, and the eastern band is limited on the east by the deep sand-filling of 
the central valley of Monson. 

The two bands of this rock, separated by an infolded complex of 
hornblende- and mica-schists, and bounded also on the west by a repeti- 
tion of the latter, may be followed across Monson and Wilbraham into 
Palmer. Here they are all twisted together in extreme metamorphism to 
form the hornblendic border of the intrusive tonalite (syenite, Hitchcock), 
from which they extricate themselves in the latitude of Belchertown village, 


1Index, 1820, p. 119. 2J. G. Percival, Rept. Geol. Conn., 1842, p. 233. 
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and the gneiss then extends continuously across the State to Northfield, 
where it is partly covered by newer rocks before reaching the State line. 
The eastern band runs north to Orange, where it disappears completely 
within the limits of Massachusetts. 

On returning to the study of the Monson gneisses, after long experience 
with the change of the Cambrian conglomerates into the white gneisses in 
the Berkshire Hills, the traces of the same change struck me in the stretched 
gneisses of Monson and Pelham. ‘The traces of pebbles may now and then 
’ be clearly seen, and I present a reproduction of a photograph of the north- 
east corner of Walker Hall, one of the buildings of Amherst College, which 
shows this clearly (PI. I, p. 64). The rock is from Monson, and in 1890 
a great wall of conglomerate was exposed in the quarry just north of the 
trap dike, but it was all quarried away in 1892. In many cases the flat 
patches of lighter color and of long elliptical shape which appear on the 
cleaved foliation faces of the gneiss seem to be the remains of pebbles 
wholly flattened out into films, as was suggested by President Hitchcock 
in his remarkable investigation of distorted pebbles. 


THE PELHAM AND WILBRAHAM AREA. 
THE GNEISS. 


The broad anticline of this area enters the towns of Northfield and 
Warwick from New Hampshire, and though its surface is at first covered in 
part by isolated areas of newer rocks, it soon expands to a greater width 
than any other gneiss in the counties, and maintains this width nearly across 
the State, interrupted by the protrusion of the Belchertown tonalite. 

It is in Northfield a fine quarry stone, especially marked on foliation 
faces by small squarish blotches of jet-black hornblende, and it continues 
to be good quarry stone in large part clear across the State. It differs 
curiously from the other areas in that it is, across the central portion of the 
State, a broad anticline with all its central portions almost horizontal and 
at the edges bending down quite sharply beneath the newer rocks. A 
further distinction of this area is found in the presence of a great bed of an 
actinolite-quartzite, which will be specially described, and in the presence 
of three great intrusions of an olivine-enstatite rock, which, with its complex 
contact phenomena, will be also the subject of a separate chapter. 


1Geology of Vermont, Vol. I, 1861, p. 28. 
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To the south the rock is coarser than in the other areas, and in contact 
with the great mass of the Belchertown tonalite is considerably altered. 

In Wilbraham its attitude is nearly vertical, and it forms the core of an 
anticline which is slightly overturned to the east, as the dips are high to 
the west. . 

At Power's mine, in Greenwich, on the high hill overlooking the house 
of 8. B. Estey, considerable blasting has been done upon a vein of coarsely 
granular magnetite, containing much coarse red garnet and pyrite—an 
entirely worthless deposit. 


PETROGRAPHICAL DESCRIPTION. 


1. Granitoid gneiss from Massachusetts Agricultural College quarry, 
Pelham. This may be taken as a type of the Monson gneiss. 

A very clear, fresh, gray, stretched biotite-gneiss. It is a most crisp 
and friable stone, showing no trace of decomposition, the fresh black biotite 
appearing in the mixture of limpid quartz and feldspar. 

Titanite is an abundant constituent, and rarely a trace of epidote 
appears in the neighborhood of the biotite. The lens shows the jet-black 
biotite scattered in an almost limpid granular mass, with faint trace of 
porphyritic structure and slight nacreous dusting. Under the microscope 
the quartz shows swarms of minute inclusions, with groups of larger cavities 
having moving bubbles. One grain alone was filled with long rutile needles, 
and this had a slightly reddish shade. 

Orthoclase occurs in larger crystals than the other constituents and 
includes rounded quartz grains. It is quite abundant. 

Microcline is abundant and of late formation, crystallized out so as to 
cement a great number of quartz grains. 

Albite occurs rarely. 

The biotite is in separate black scales, and with the lens is seen to be 
abundant, much notched and often extended to include several quartz 
grains. 

Titanite is in angular grains of the same size as the other constituents, 
and in distinct crystals, pale greenish-brown exteriorly and deep red- 
brown in the interior, the boundary between the two colors being generally 
distinct, but in one case a red-brown crystal is inclosed by a pale-yellow 
one, the two being of common orientation and the outer bounded by fewer 
faces. 
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Zircon is quite regularly disseminated in colorless to pale-yellow crys- 
tals one-fifth to one-tenth the size of the other constituents and regularly 
crystallized in stout prisms, some almost cubical. The forms P, 2 P2, 0 Po 
could be seen in one crystal. . It is included in all the other constituents. 

Magnetite is absent. ; 

2. Biotite-gneiss from Bassett’s quarry, Northfield. 

A fine quarry gneiss, light-gray. On the foliation faces distant, squar- 
ish, thin plates of hornblende make the rock appear as if ink-spattered. The 
- feldspar appears as glassy as the quartz, which is common in all these gneisses, 
though it shows traces of change into muscovite under the microscope. 

There are present orthoclase, microcline, and albite; a fragment of the 
latter gave extinction +15° on o Ps, and the triclinic feldspar in all these 
gneisses give commonly an extinction of +4° on either side of the twinning 
sutures on 0 P. Fine minute zircons are present, but no titanite. 

3. Hornblende-gneiss from southwest Shutesbury, opposite W. Thresher’s, 
adjoining trap dike. It is a sandy-granular rock of very fine and even 
grain, and of very dark-gray color. It is a rock quite common in the Monson 
gneiss, and found also in the Becket gneiss, in the northeast of Tolland. It 
becomes much more abundant in the eastern area, in its southern exten- 
sion into Connecticut, where it is Percival’s C 3! in its eastern portion. 

Microscopical character: The background is made up of little quartz, 
little albite (extinction 6° on either side twinning lines), and much limpid 
orthoclase, without cleavage, and determined only by its positive biaxial 
character. 

The abundant hornblende molds and incloses the other constituents; 
it shows peculiar basal cleavage in fine, close, straight lines. Its absorp- 
tion and pleochroism are exceedingly strong c>h>a. c=deep blue; b=deep 
olive; a=bright yellow; much deep-green biotite and large light-red garnet, 
many plates of tremolite, much black and red ore, and a single group of 
leucoxene grains. 

4. Brotite-gneiss from east foot of Mount Hygeia, upper quarry. A 
white gneiss, making heavy beds above the normal gneiss of Pelham, dif-’ 
fering from it by the small amount of black biotite in distant scales and 
the abundance of small red garnets. 

The quartz contains no rutile needles, and is in rounded grains that 


1 Rept. Geol. Conn., p. 222. 
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suggest water-wear. ‘These are cemented by newly deposited quartz and 
feldspar. It contains cavities, which are often negative crystals with very 
large, motionless bubbles, and other long trains of cavities, showing in 
great numbers smaller bubbles in rapid motion, not affected by being 
heated to 70° C. 

Orthoclase predominates. Albite and microcline are present. Biotite 
occurs in deep brownish-green scales. There is little muscovite. 

A single square prism of deep-red rutile was seen in the slide. 

Zircons are rare. Single large grains of menaccanite were seen, 
changing to leucoxene. 


THE AOTINOLITE-QUARTZITE. 


The central portion of the Pelham gneiss area presents two peculiari- 
ties as compared with the other similar areas, viz, the series of olivine- 
enstatite rocks and the great quartzite beds here described. 

The biotite of the gneiss disappears at a certain level and reappears 
again as suddenly, leaving a great bed, perhaps 300 feet thick, between 
two beds of the Monson gneiss which can not be distinguished from 
each other. The intervening quartzite bed varies from a fine-grained 
quartzite to an equally fine-grained quartz-feldspar mass, with needles of 
tremolite or pale grass-green actinolite, just visible to the eye, scattered 
through the mass. It becomes at times a more distinctly bedded rock, and 
almost continuous films of the same pale-green actinolite appear on the 
foliation faces. Small garnets are quite commonly disseminated, and at 
times distant, minute scales of an amber mica replace the actinolite. 

Distribution—The outcrop of the rock is quite peculiar and depends 
upon the great flatness of the dome of the gneiss syncline in Pelham. 
The bed is exposed by the double scalping of the undulating surface of 
this syncline, and appears, therefore, in one closed ring in Shutesbury and 
in a loop open to the south in Pelham. 

Beginning in the northwest corner of Belchertown, it runs north along 
the eastern slope of the Pelham range, passing just east of Pelham post- 
office and just west of the poor farm, and continues north through the 
‘center of Shutesbury and alittle beyond it; then it turns sharply southwest, 
and its dip, which had been low east, becomes westerly. It then runs 
southwest into Pelham again and ends in the high peak of Hygeia. Its 
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extension is shifted more than a mile eastward to the waterworks dam by 
a fault, and it continues from this point southwardly, passing east of the 
“asbestos mine.” 

The other great area occupies the eastern portion of Leverett, is cut off 
on the north by a fault at the Rattlesnake Gutter, and projects southwardly 
across Shutesbury into the western portion of Pelham, where it ends under 
Mount Hygeia, approaching near the other band. 


PETROGRAPHICAL DESCRIPTION, 


1. Actinolite-tremolite-gneiss from Northfield, east of R. H. Minot’s, and 
adjoining the great north-south fault. A greenish-gray, stretched, ligniform 
rock, the abundant needles just visible to the eye. In a fresh, granular 
quartz-orthoclase base the abundant parallel needles of pale-green actino- 
lite and tremolite appear. They show a delicate, close prismatic cleavage, 
distant, strong basal parting, and strong absorption and pleochroism. Green 
and brown biotite are abundant, and there is much magnetite. 

This is the only occurrence of the rock in the western portion of the 
Pelham area, and it is soon cut off on one side by the fault and on the 
other by granite. 

2. Micaceous quartzite from Pratts Corner, southwest Shutesbury. In 
a white, fine-grained, only subgranular quartz mass are scattered small, 
rounded, red scales of biotite. No feldspar. - 

Under the microscope the quartz mass shows only rarely a fissure, and 
is so homogeneous, colorless, and free from foreign bodies that it is invisible 
in common light. With crossed nicols it shows a most complex mosaic of 
interlaced grains 

The red scales of biotite are all in parallel planes, and inclose zircons 
which are surrounded by a marked deep-brown pleochroic border. The 
zircons are also scattered through the quartz in fine crystals. Red-brown, 
stout rutile prisms occur surrounded by a granular, colorless leucoxene. 

3. Actinolite-quartzite from north side of brook and about 100 feet east 
of the dam of the Amherst waterworks in Pelham. To the eye the rock 
is like a fine-grained, white sandstone or crisp, friable quartzite, with scat- 
tered needles of pale-green to almost colorless actinolite. The lens rarely 
detects a grain of feldspar. It is whiter and contains less actinolite than 
the Mount Hygeia rock, but is closely like it. Under the microscope 
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the fresh granular quartz is free from fluid pores and acicular microlites. 
Feldspar is not distinguishable. 

The nearly colorless actinolites are parallel, and contain large, rounded 
grains, common also in the quartz, which are strongly refringent and polarize 
brilliantly; they may be zircon. Other grains clustered along the actinolite 
crystals seem to be epidote. 

4. Actinolite-quartzite from east bluff of Mount Hygeia, Pelham. A 
granular quartz, white and of medium grain, with parallel needles of color- 
less to aquamarine actinolite. 

In the granular quartz ground the actinolite needles are irregularly 
arranged; here and there is a scale of biotite. There are large zircons and 
microlites inclosed in quartz and actinolite; also grains of titanite. 


SAXONITE AND SERPENTINE IN MONSON GNKISS. 


THE PELHAM ASBESTOS QUARRY. 


This locality has been long known as furnishing large masses of a 
hard asbestos, and the mineral has been extensively quarried. 

Its interest from a mineralogical point. of view was greatly increased 
by the discovery in 1869, by Mr. A. B. Kittredge, of corundum in hard 
nodules in the biotite, which occurs there in great abundance. Later, Pro- 
fessor Shepard, observing the difficult fusibility of the ‘“ asbestos,” analyzed 
it and found it to have the composition of bronzite, but gave it the wholly 
superfluous name asbestite. He also analyzed a tough, black, granular 
mineral which occurs in large masses in the deeper parts of the several 
excavations and found it to have the composition of olivine, but named it 
pelhamine, a name equally superfluous, as the mineral is optically as well 
as chemically identical with olivine, and its black color is due to dissemi- 
nated magnetite and chromite. 

The pits by which the bed is exposed are scattered for a distance along 
an eastward-sloping hillside, and as the dip is 40° W., while the strike of 
the inclosing Monson gneiss is due north, the lenticular mass is exposed 
by erosion in a plane at right angles to its dip, giving a length of about 200 
feet and a greatest thickness of 40 feet. 

This is a great lens or short dike—probably an old volcanic core—of 
the highly basic igneous rock saxonite, in the highly acid conglomerate 


48 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


gneiss; and during the strong metamorphism which has transformed the 
conglomerate into a gneiss, the saxonite has been largely changed into 
anthophyllite, and, what is of higher interest, a broad selvage—a “reaction 
rim” on a grand scale—has formed by the mutual influence of the basic 
core and the acid surrounding. This selvage consists largely of minerals 
containing little or no silica—apatite, corundum, magnetite, tourmaline, 
anorthite, and biotite. It wraps around the saxonite with great irregularity, 
often folding deeply into its mass. 

Measured downward from the hanging wall, the mass is greatly decom- 
posed for a depth of from 3 to 12 feet, and as the pits have been sunk in 
this decomposed portion and work stopped as the hard unaltered rock was 


WSS il 
k — “ i 
—— ; vate 


UX q 


\5- =e 


Peete 
( 


SS 


(=e Sse 


BFF 


Fic. 3.—Southwest wall of Pelham asbestos quarry in 1890. A, Pelham gneiss; B, anorthite rock; C, black 
tourmaline masses; D, biotite layer; D’, vermiculite layer (vermiculite and steatite from biotite and actinolite) ; E, saxonite; 
F, anthophyllite derived from saxonite, 


approached, attention has been directed almost entirely to this decomposed 
portion, which will be discussed a little later. The pits everywhere 
disclose at the bottom the black rock, which consists of granular olivine, 
chromite, magnetite, and bronzite (saxonite), without admixture of any 
other minerals, and of this rock the whole intruded mass originally 
consisted. 

At the top of the wall in the large central cutting the contact of the 
superincumbent gneiss upon the olivine rock can be well studied, and it is 
very peculiar. (Fig. 3.) The gneiss penetrates the olivine rock in a great 
club-shaped apophysis, the lamination of the gneiss being first bent down 
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toward the latter and then somewhat confused, but distinctly traceable far 
into it and dying out gradually by the slow disappearance of the biotite 
and quartz, until the whole of the great projection is made up of a mass of 
snow-white, extremely fine-granular, massive anorthite, carrying toward its 
borders a large quantity of black tourmaline in great irregular bunches, 
which, at the apex of the mass, affords blocks of pure, coarsely crystalline 
tourmaline over 2 feet across. he fluorine of the biotite has gone into 
the tourmaline. Many small crystals of allanite are shot through the 
anorthite, and when broken across the latter mineral shows the usual 
puckered surface radiating from the allanite. 
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Fic, 4—West wall of Pelham asbestos quarry=right half of fig. 3, quarried deeper. Letters as in fig. 3. G, corundum 
nodules; H, apatite. 


The tourmaline breaks into large imperfect crystals, often 8 to 12 
inches long, and in cavities shows terminations always with broad 0 P 
planes. It contains, in cavities between crystals, zoisite, apatite, and beau- 
tiful geniculate twins of rutile, together with perfect apatites alone in other 
cavities and in the mass itself. Under the microscope it often shows an 
exquisite micropegmatitic intergrowth with the anorthite, the latter taking 


the place of the quartz in graphic granite, while the tourmaline is extin- 
MON XXIX——4 
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guished as asingle individual over broad surfaces and in large disconnected 
reticulate portions. At the line of contact of the tourmaline and the 
anorthite many microscopic deep-red rutiles occur. 

This anorthite projection, which is a thickened part of the outer layer 
of the “reaction rim,” is separated from the olivine rock by a thick band of 
a deep bronze-colored biotite in large scales, which is wrapped around 
and extends beyond this projection. As it separates the gneiss at the 
north end of the bed from the olivine rock, it may very probably be a con- 
tinuous layer around the latter. Nothing can be seen of the lower contact. 

This biotite band, usually 4 to 8 inches thick, reaches in places a thick- 
ness of nearly 4 feet, and incloses hard nodules of a blackish-green matted 
hornblende and of the finest emerald-green parallel-fibered actinolite, and 
other similar nodules which contain large, imperfect crystals of gray 
corundum with central spots and streaks of rich sapphire-blue (see fig. 4), 
which are wrapped in a greenish chloritic mineral of large axial angle 
and marked. pleochroism, probably clinochlore. Still other nodules contain 
large friable masses of a fine grass-green actinolite. 

It is interesting to note how the extremely basic character of the olivine 
rock is continued outward in the biotite-corundum rock and beyond in the 
anorthite-tourmaline rock, and to observe how uniform this collocation of 
minerals is in all parts of the world—a subject to which I recur after describ- 
ing the Chester emery bed (Chapter VI). 

The broad border of decomposition products of the biaice rock men- 
tioned above is of the highest interest, and for its understanding reference 
may be made to the accompanying fig. 3 (p. 48). Between the biotite (p) 
and the unchanged olivine (£) is a layer, generally about 3 feet thick, 
which, nearer the outcrop (at the left of the figure), is 13 feet thick, and 
consists of olivine changed in part to a pale-yellow, friable, granular 
villarsite, and in part to an earthy mass of ochery appearance. Through 
this runs an irregularly anastomosing network of veins of fibrous antho- 
phyllite @), which reach at times a thickness of 8 inches, at times run. 
out to extreme thinness and disappear. They are for the most part made 
up of a woody mass of fibers, which are placed at right angles to the 
walls of the vein and meet on a suture at the center. In the thicker 
veins the visibly fibrous portion exists only a few inches from the walls 
on either side, and the central portion is made up of a compact, woody 
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mass, splitting in a direction at right angles to the walls, and ey 
when not blackened by manganese. 

More rarely the vein filling is completely asbestiform and the fibers 
cross the vein from side to side; very often they are all bent somewhat to 
one side or the other as they approach the wall, being compressed by their 
own growth. 

In other parts of the excavation these veins have swollen to much 
greater width, and great ligniform masses, 20 to 30 inches in length, have 
been excavated. ‘This is the ‘‘asbestos” of the quarry, and many hundred 
tons have been excavated and sold for grinding into paint and for asbestos 
papers. The resemblance of this structure to the well-known microscopic 
olivine network is extremely striking, and it would seem difficult to avoid 
the conclusion that the anthophyllite here must be of secondary origin and 
a derivative from the olivine, probably under conditions of considerable 
pressure and heat, and therefore at an early period in the history of the 
changes which the deposit has undergone. Its exact resemblance to the 
transverse fibrous vein fillings of calcite, gypsum, and chrysotile will hardly 
admit for it any essentially different explanation. 

The anthophyllite occurs also in large, rather coarse-matted fibers. It 
polarizes very brilliantly and is quite fresh and limpid, the gray color being 
due to fine magnetite dust. 

At the northern excavation and at the large opening there are sparingly 
disseminated in the fresh olivine rock squarish plates, 4 to $ inch across, of a 
pale bronzy enstatite or bronzite, making an ordinary olivine-enstatite rock. 
This is a primary bronzite. 

Masses of a bright emerald-green actinolite in matted fibrous arrange- 
ment of the single crystals were produced from the large opening, but 
their relations to the other minerals can not now be observed. At a new 
excavation made during the year 1883, near the south end of the bed, 
a long band of this mineral was struck just below the drift, and resting 
upon the thick decomposition layer of anthophyllite, in the midst of which 
several thin layers of the actinolite also appeared. 

The biotite containing nodules of the dark-green hornblende here also 
folded deep into the saxonite, as at the large cutting. ‘The anthophyllite 
layer was followed in the bottom of the excavation by the usual black, 
undecomposed olivine rock. The biotite has also been attacked on a large 
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scale by a decomposition which has resulted in the formation of a mass of 
soft, greasy scales of vermiculite (D’ fig. 4), which, when boiled with sul- 
phuric acid, yields a residue of white scales of pure silica. This has been 
named pelhamite by Prof. J. P. Cooke, and thus the town of Pelham has 
lent its name to two equally poor minerals. 


PETROGRAPHICAL DESCRIPTION. 


1. Saxonite, or olivine-enstatite rock (pelhamine, Shepard). This is a very 
fresh mixture of olivine and enstatite, both dusted through with black ore, 
largely chromite. It is a dull-black rock of very great toughness. The 
olivine grains have often many crystalline faces. The enstatite is in rare, 
small plates, with parallel sides and irregular ends, and with a fine wavy 
lamination, which is often marked by lines of black ore generally concen- 
trated in some part of the plate, especially the center. Although nearly 
colorless or pale bronzy in common light, it has marked pleochroism. It is 
plainly rhombic, and grades into the asbestiform decomposition product in 
veins running through the section. The distant, strongly marked transverse 
cleavage so common in enstatite is wanting. 

2. Secondary asbestiform anthophyllite occurs in the altered saxonite in 
clear gray masses parallel or matted fibrous, in the former case so fine- 
grained as to resemble silicified wood, in the latter made up of a mass of 
short needles without radiated structure. It has very harsh feel. With a 
lens it seems to be entirely fresh, transparent, and colorless, the gray color 
being due to disseminated magnetite, which is visible, and may be removed 
from the powder by a magnet. 

Under the microscope it presents a mass of colorless needles and blades 
with delicate longitudinal striation, which breaks off here and there against 
a transverse cleavage. The needles are broken across by a distant fracture 
not exactly at right angles to the length. Long, fine, straight needles, 
breaking up at times into a row of grains, are present, and though not very 
abundant, are concentrated more in the center; they appear black, but at 
times red with high powers. In crystals cut across the blades the form and 
cleavage of hornblende can be detected, and I was able to separate and 
measure one needle, obtaining 55.30°. They polarize brilliantly, and always 
strictly as rhombic crystals, and this is the case with the silky asbestos. 

3. The plagioclase-feldspars of the contact zone. Professor Shepard 
analyzed the two varieties of massive triclinic feldspar found in the great 
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apophysis penetrating the saxonite: (a) the white saccharoidal portion 
forming its extremity and nearest to the olivine; (0) the bluish-white, coarser- 
grained portion which formed the neck of the mass and passed into the gneiss. 
For the former he found the composition of anorthite, and for the latter 
that of andesite. The latter portion, as it approaches the common gneiss, is 
less pure than the other, containing much biotite, but with the microscope 
the characters of anorthite were presented clearly by both varieties; here 
and there, however, the larger crystals were very distinct and were clearly 
andesite. ‘The mass is like the feldspar accompanying the “fringe rock” 
of the Chester emery bed. 

The portion called andesite by Shepard is compact to fine-granular, 
translucent, bluish-white, fresh-looking, showing slight flesh color from the 
abundance of small disseminated biotite crystals, and having seams and 
irregular masses of black tourmaline scattered through it. Occurring 
largely in the latter, and more sparingly disseminated in the feldspar, are 
minute crystals of zircon. 

The anorthite grains are often almost entirely single individuals; here 
and there a few very fine distant twin laminz are interposed, but these 
run out in a short distance, and in many cases the whole surface is covered 
by distant laminz lying at right angles to each other. The maximum 
extinction was 31° to 34°. 

Under the microscope the feldspar shows through a lacelike network 
of brightly polarizing films or raveled-out scales of muscovite, and this 
increases until in slides cut from seemingly quite fresh material the feld- 
spar can scarcely be distinguished in the mat of mica scales. 

The biotite is optically uniaxial, and is often decomposed wholly or in 
part, the sides being dissolved into a congeries of colorless scales, or the 
change attacking one or several of the lamine and proceeding quite across 
the specimen; and much of the new mineral has wandered out and surrounds 
the biotite crystals in large spots, which, with reflected light, are seen to 
surround the remnant of the original crystal like a growth of glistening 
white mold, and these white spots are visible to the eye all over the slide. 

The zircons are white, with a faint tinge of red and a high adamantine 
luster, or deep amber color to pale red by reflected and reddish olive-green 
by transmitted light. The white crystals are most regularly-formed, long, 
square prisms with sharp termination P and 3 P, and apparently 3P 3. The 
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red crystals show at times a sharp prismatic cleavage, being often very 
irregular lobed masses and often very regular crystals with shining faces. 

The andesite (Shepard’s type) crystals are about 20 by 10 by 10™, 
not bounded by distinct faces, but embedded in a granular, compact mass 
of anorthite, translucent and bluish-white, with many small scales of biotite 
intermixed. Sections cut parallel to 0 P, «2 P &, and o P & were much 
decomposed and impregnated with scales of muscovite, placed principally 
in the planes of principal cleavage and in especially large plates parallel 
to «© Po. It is polysynthetically twinned parallel to «0 P& in broad 
continuous plates of equal width; extinction on o P &%,—13° to —14°; 
on 0 P, —4° to —5°, agreeing thus exactly with andesite 

4. Serpentine from Pelham, about 100 yards west of the “asbestos” 
mine. Dull black-green serpentine, changed an inch deep into white tale 
and showing deep in the interior ‘“‘phestine”-like aggregations of tale, from 
alteration of the bronzite. 

Slides cut—(qa) from the outer tale layer, (b) from the layer of transi- 
tion, (¢) from the interior deep-green serpentine—showed: 

(a) A mass of wavy tale scales containing remains of bronzite, with 
long jet-black hairs, slightly curved, placed parallel to the vertical axis of 
the bronzite and ending on the mass of tale scales into which the mineral 
is decomposed; ()) a matted mass of actinolite fibers of pale-green color, 
very strongly dichroic; (¢) a mass of actinolite fibers and tale scales, with 
small portions of serpentine and in places with grains showing the olivine 
network, the whole having the outward aspect of a common serpentine. 

The specimens labeled “Black serpentine and tale, Pelham, Mass.,” 
No. 132, in the Massachusetts State Survey collection of President Hitch- 
cock, is from the above locality. 

5. Epidote-gneiss from Pelham; asbestos quarry. An even, fine- or 
medium-grained mixture of flesh-colored orthoclasé, gray quartz, and bright 
pistachio-green biotite, with small black grains of tourmaline. . 

Under the microscope the epidote is scattered in long crystals exactly 
like the plagioclase in a diabase. Minute veins are entirely filled with 
epidote; only orthoclase is present as a feldspathic constituent, and around 
nuclei of this broad bands of epidote needles are arranged parallel to the 
former cleavage planes or outlines of the feldspar, showing the nucleus to 
be only a remnant of a larger crystal. 
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THE PELHAM SERPENTINE. 


About 325 feet west of the asbestos mine, on a small flat which inter- 
rupts the western slope of the hill on the eastern side of which the mine is 
situated, a great boss of serpentine rises through the till, and a little south of 
it a second, of which it can only be said that they occur within the limits of 
the Monson gneiss. The rock is a deep dull-green, opaque when wet, and 
containing chromite in some abundance. Over a large portion of its surface 
itis changed for some distance inward into a white tale, and as this change 
follows the surface of the rock it is plainly a change of the serpentine into 
talc since the erosion of the Glacial period. 


THE SHUTESBURY SERPENTINE. 


A second locality identical with the ‘“‘asbestos” mine in Pelham occurs 
a mile south of the village of Shutesbury, in a pasture south of the house 
of C. Leonard. Fragments, some of large size, lie over the surface in a 
space a few yards square, turned up by plowing. One large mass of 
rusty-brown, half-decomposed olivine rock, shot through by white anthophyl- 
lite fibers and full of chromite, is not to be distinguished from similar 
masses at the Pelham locality. The fibrous asbestiform and woody varieties 
of anthophyllite are repeated here also, and masses of a green chloritic 
mineral occur. The deposit is surrounded on all sides by outcrops of the 
Monson gneiss, but its.exact relation and size can not be determined. 


THE NEW SALEM SERPENTINE. 


This locality is situated on the west slope of Rattlesnake Hill, about 
300 yards northeast of A. A. Haskell’s house. The country rock is a rather 
coarse biotite-granitoid gneiss, striking north-south and dipping 90°. ‘The 
old digging is covered, and no contacts can be seen. The olivine rock is 
at most 50 feet wide and may be 150 feet long. The nearest outcrops of 
the gneiss are wholly normal and do not betray the presence of the foreign 
body. This is apparently a lenticular mass, its greatest diameter coinciding 
with the strike. The greater portion of the rock taken out is deep dull- 
black olivine, with small glistening scales of a micaceous mineral, appar- 
ently clinochlore. The rock weathers to a pale isabella-yellow from the 
removal of the black ore and the hydration of the olivine. Associated 
with it in some quantity is a fine fibrous light-gray anthophyllite, largely 
altered to an imperfect steatite. I was guided to the spot by an aged man 
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who had owned the land for more than half a century, and I asked him how 
the rock had been discovered in the thick woods. He told me that when he 
was a small boy his father had cleared the hillside, a desolate slope consist- 
ing largely of uncovered ledges, and his older brother, while harrowing in 
oats on the spot, noticed that the harrow teeth made no noise over one por- 
tion of the ledge, but gouged deeply into the rock. He thereupon took a 
large piece of the rock home and put it into the fire, but could not melt it. 
His pyrognostic experiments do not seem to have proceeded much further, 
but long after, about thirty-five years ago, the owners dug a deep trench 
into the mass, dumping a great quantity over the bluff, but did not find 
anything of value for use as soapstone, only a small portion of the rock 
having completed the change to steatite. 


THE ORANGE AND MONSON AREA. 


This band of gneiss extends nearly across the State as a narrow anti-. 
cline, and near its north line in Orange the axis of the anticline dips down 
northwardly beneath the fibrolite-schists. Because it yields more readily 
to erosion, the gneiss occupies the bottom of a deep amphitheater open to 
the south, its bottom deepest outwardly, just at the foot of the sharp, high 
schist hills beneath which it sinks. At its northern end the gneiss is quite 
granitoid and much disturbed by small intrusions of pegmatite. Around 
Orange village it is a fine quarry stone. Much of it is a dark biotite-horn- 
blende-gneiss, much a lighter gneiss containing angular fragments of the 
darker variety, and very tortuous. 

At the railroad east of Orange village the light-colored granitic gneiss 
folds around great fragments, or groups of fragments, of the dark hornblende- 
gneiss, which have been but slightly moved and cemented by the lighter 
gneiss. In this it resembles the Shelburne Falls gneiss. Two east-west 
faults, 17 feet apart, here include a much darker and more hornblendic 
gneiss. It contains prehnite and stilbite in fissures. All down its western 
border in Orange its contact with the schists above is more like that of an 
eruptive with an overlying sedimentary than like that between two sedi- 
mentary beds. At L. Mayo’s it is very granitic and is intermixed with 
the lower schists in a confused way. In the village of Orange, between 
Main and High streets, it is in direct contact with the hornblende-schist, 
and it continues in contact with the schist across into New Salem. In this 
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town and across Greenwich and Enfield—that is, for 20 miles south—it 
forms the bottom of a very peculiar, deep valley, in the center of which 
rise strange, isolated peaks which have in some unexplained way escaped 
the general erosion. 

Continuing south across Ware and Palmer, the gneiss band narrows 
somewhat and the valley is interrupted, though this is in part only apparent, 
being due to the filling of the valley by the abundant glacial-lake deposits 
in this latitude. Farther south the valley reestablishes itself in Monson 
and continues far beyond the limits of the map (Pl. XXXIV). 

Across Orange the newer rocks dip toward the gneiss from all sides, 
forming a fan structure. Across the remaining area it forms the center of 
a closely appressed anticline, slightly overturned to the east, as the dips are 
all 70°-80° W. 


GENERAL DESCRIPTION. 


The Monson gneiss is a clear-gray, friable biotite-gneiss, in mass made 
up of small angular grains of quartz and orthoclase, equally limpid and 
colorless, and so loosely joined that there are many interstices, and one can 
sometimes rub a fragment into powder between the fingers. Scattered 
through this aggregate are grains of shining black mica, whose parallel 
arrangement produces the more or less clearly marked foliation visible upon 
cross fracture and the equally marked ‘‘stretching” seen upon the foliation 
face. The foliation is produced by the concentration of the black biotite 
in bands which have between them long linear or elliptical spaces that 
appear white upon the gray ground, and in which the knots of feldspar 
mostly occur when the rock becomes subporphyritic. The stretching is 
manifested upon the foliation faces by the greater concentration of the 
biotite along broad, imperfectly marked parallel bands; and oftentimes 
when by incipient decomposition the feldspar. has been rendered opaque 
white or flesh-colored it is seen to have the same linear parallel arrange- 
ment. ‘This structure often obtrudes itself more readily upon the attention 
than the foliation itself. There is, however, little or no greater tendency in 
the quarry slabs to split parallel to this structural feature, and blocks are 
frequently gotten out with the “stretching” running diagonally across their 
broad faces. 

The biotite, although so important for the color and structure of the 
rock, is present in rather inconsiderable amount. 
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There are also here and there in the mass, and especially upon the 
foliation faces, squarish spots of a black hornblende, generally from half an 
inch to an inch across, but at times forming great lustrous masses larger 
than one’s fist, and in other places concentrating in distinct strata—often 
accompanied by a trace of copper—to so great, an extent as to form a black 
hornblendic gneiss, as in the western side of the Monson quarry and fora 
long distance north and south. This bed does not, however, so differentiate 
itself from the remainder of the gneiss that I thought it desirable to separate 
it upon the map. 

 Titanite is a very generally distributed constituent of the rock, in 
honey- to straw-yellow crystals, flat, often well formed, and reaching a 
size of from 2 to 5™™. 

Pistachio- to oil-green epidote in grains is aggregated with the biotite, 
and especially with the hornblende, making a loose border to the squarish 
plates of the latter. Garnet and magnetite occur in small grains. A pale- 
green pyroxene appears rarely in large, stout prisms embedded in the rock. 

The narrow, white interrupted planes which express the foliation are 
structure planes and not planes of separation of the rock, and the latter 
planes are at times so closely approached as to divide the rock into thin 
plates (about 4 inches. thick), whereby it becomes “scaly” (the local 
quarrymen’s term) and useless as a building stone. In other places the 
latter planes separate more widely, furnishing thick banks of excellent 
quarry stone. The blotching with hornblende, or with large roundish 
masses of white feldspar, and the amount and parallel arrangement of the 
biotite may vary in all these structural varieties, forming two types of 
special importance. On the one side, by the great increase of the feldspar 
nodules, a strongly marked “augen-gneiss” is formed, which is the “sub- 
porphyritic” gneiss of Percival,! the “glandulous gneiss” of E. Hitchcock,’ 
and which differs decidedly from the porphyritic gneissoid granite of 
Worcester County, for that is a complete granite with porphyritic carlsbad 
twins, while here the feldspar is in roundish masses with no approach to 
crystallographic outline and not twinned. On the other hand, by the 
sinking of all the constituents to the same size and by the more uniform 
arrangement of the biotite, a fine-grained granitoid rock results, like the 
best at the Monson quarry, though it is nowhere so completely granitoid 
as at the Middlefield and Becket quarries. 


1Geol. Conn. *Am. Jour. Sci., Ist series, Vol. VI, 1823, p. 19. 
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PETROGRAPHICAL DESCRIPTION. 

As the type of the Monson gneiss the rock of Flynt’s quarry at 
Monson is naturally taken for detailed description, and for this purpose 
fine specimens of the two varieties which served for the analyses quoted 
on page 62 were kindly furnished me by the proprietor of the quarry, 
Mr. W.N. Flynt, and form the material of the following description: 

(a) The darker variety is a rather dark pure-gray granitoid rock of 
medium and very even grain. The quartz and orthoclase are almost 
equally colorless and glassy, so that tiey are not easily distinguished; the 
latter is disseminated in a certain small porphyritic way, so as to show many 
shining facets upon freshly broken surfaces. The black constituent is pres- 
ent in small quantity, but from the translucency of the other constituents 
it gives a quite dark color to the mass. It is this translucency which causes 
the marked distinctions between the dark polished and the white pounded 
surface. The black constituent is a lustrous black biotite, greenish-brown 
or bright emerald-green by transmitted light. It is arranged with very 
imperfect parallelism, and yet is somewhat concentrated along certain 
lamination planes, although not joined into membranes, and this alone gives 
the rock its gneissoid texture. Seen edgewise, it resembles hornblende, 
but I have not detected this mineral in the present variety. Wine-yellow 
grains of titanite are associated with it, and rarely grains of a light-red 
garnet. Plagioclase could not be detected. 

The biotite is often changed to a bright-green chlorite, and par allel there- 
with is an abundant development of hematite in isolated, regular hexagonal 
plates or elongated congeries. A few deep-green prisms of tourmaline 
occur, short, stout, and hemimorphice. 

(>) The lighter variety is characterized by a somewhat coarser grain. 
The black constituent is almost equally biotite and magnetite. It is, how- 
ever, much less abundant and so arranged in the cleavage planes that trans- 
verse to these the rock is mottled with white elongate spots from which it 
is absent. 

The important distinction between the two is in the fact that musco- 
vite in thin, membranous patches is quite abundant upon the lamination 
planes of this variety. This is an exception to the rule that muscovite is 
absent from the Becket and Monson gneiss in the three river counties and 
characteristic of the next formation above. 
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The quartz is often inclosed in the orthoclase in wholly rounded grains. _ 
It contains great swarms of cavities of large dimensions and the most dis- 
torted shapes, often spun out into long capillary tubes, which sometimes 
connect distant cavities. Often these appear empty; often they contain a 
fluid with large, motionless bubble; sometimes they appear to contain two 
fluids, with moving bubble; sometimes, also, they are negative crystals, 
with very large bubbles. Rutile needles occur rarely in the quartz. The 
orthoclase is in large crystals intergrown with albite. The plagioclase 
extinguishes at 25° to 28°, is optically negative, and is a lime-soda- 
feldspar near anorthite. Large grains are free from multiple twinning, 
except near the borders, where it is caused by pressure. 

The change of feldspar to muscovite is of great beauty. Often every 
other lamina of a triclinic feldspar is changed to a mass of fine nacreous 
scales, the intervening laminz being unchanged. 

The biotite is red-brown, rarely green, and then associated with hex- 
agonal scales of hematite. Zircon occurs in small, highly refringent prisms. 
Garnet is in hyacinth-red grains and dodecahedra, inclosing smaller dodec- 
ahedral crystals or cavities. There is no magnetite, menaccanite, or titanite. 

Résumé.—Friable, light-gray, medium to fine grained biotite-gneisses, 
which, beyond the boundaries of the county, show abundant evidence of 
their derivation from conglomerates, of which traces are not wanting 
within the boundaries of the three counties along the western border, but 
fail almost entirely in the three eastern areas. They are contrasted with 
the older gneiss by the failure of all the peculiarities enumerated at the 
close of the last chapter (p. 30) and marked by the abundance of titanite 
in pale, flat crystals, both macroscopically and micrdscopically present. 
This mineral is very rare in the older gneisses, except in or near limestone, 
and it occurs there in larger and more sharply defined crystals. 

Beds of hornblende-schist are almost always absent. Important beds 
of a fine actinolite-quartzite and of olivine-chromite-enstatite rock, with fine 
contact phenomena, characterize the Pelham area. 


THE MONSON QUARRY. 


The following account, copied from the Springfield Republican of 
May 9,.1884, and verified as to its accuracy, may find a place here, giving, 
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as it does, a detailed history of the most important quarry in western 
Massachusetts: 

“W.N. Flynt & Co.’s granite quarries, situated a mile north of the 
village of Monson, on a spur track of the New London Railroad, were first 
opened eighty years ago by agents of the United States Government, who 
took from there stone for the foundation of the Springfield armory. In 
1825 Rufus Flynt put four or five men at work in the quarry to supply the 
local market, and the front of the Chicopee Bank building in this city was 
soon afterwards built of this stone. Since 1836 W.N. F lynt, son of Rufus 
Flynt, has had charge of the work, and has greatly enlarged the business; 
until at present the yearly output of stone is 20,000 to 30,000 tons, valued 
at $150,000 or $200,000. In 1887 28,700 tons were produced, and in 1888 
33,460 tons. 

“The quarry land owned by the company amounts to 500 acres, all 
underlain by granite, only a small part of which, however, has yet been 
worked. The stone lies in horizontal layers from 1 to 12 feet thick, and 
wedges are mainly depended upon for getting out even the largest masses 
of rock, powder being used only to lift the loosened layer from its bed. 
The largest single piece which has yet been taken out was 354 feet long, 
11 wide, and 4 high, and 1,104 wedges were used in detaching it. 

“The present workings are on the slope of a hill, and although 75 feet 
below the crest of the hill, are above the surrounding country, so that water 
gives no trouble and the rock is the more easily handled. From March 
to December about 100 quarrymen and 40 stone dressers are employed, 
and during the winter an almost equal force is kept at work. Last year 
(1883) 28,403 tons of granite were shipped, and in all branches of the 
work between 600 and 700 men were employed. 

‘Specimens of the Flynts’ workmanship are shown in the Monson 
Library, costing $35,000, and in a memorial hall now being constructed at 
a cost of $30,000, in both of which the light and dark varieties of granite 
yielded by the quarries are artistically blended. 

“The Church of St. Francis Xavier, in New York City, was also built 
of this stone, as were also the Walker Hall and the stone churches in 


Amherst.” 
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The following letter is also published by the kind permission of Mr. 
Flynt: 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 


February 14, 1881. 
Messrs. W. N. Frynt & Co. 


GENTLEMEN: The two sorts of Monson granite which were sent to us have been 
carefully averaged, and several analyses of each have been made, with the following 
results: 
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In this granite-mica is replaced by hornblende,! as in the Quincy and Rockport 
granites. Such stones are much less affected by chemical agents than those which 
contain mica. 

The percentage of the alkalies, potash and soda, has much to do with the power 
of resisting atmospheric influences. The amount of alkali in both specimens is 
uncommonly small for granites. The sum is less in the dark-colored one, because 
that contains a much larger proportion of the black hornblende, which probably is 
free from alkali. The potash and soda come from the feldspathic ingredient of the 
mixed minerals. This part seems to correspond nearly to andesite rather than to 
ordinary potash-feldspar. 

We have in Hull’s Treatise on Building and Ornamental Stones the analyses 
of thirteen European granites, which show, respectively, as the sum of the potash and - 
soda: 6.74, 7.27, 6.16, 7.91, 7.74, 7.98, 8.61, 9.67, 7.46, 5.63, 7.40, 5.82, 9.00 per cent, 
while the Monson granite shows 5.97 and 3.78. So far as the alkalies are concerned, 
the dark is superior to all of the thirteen, and the light is better than all except the 
twelfth, which was from Mont Blanc, and the tenth, which was from Meineckenberg. 

The iron in the Monson granites is in the form of magnetic oxide, which is 
unchangeable. Were it in the form of pyrites it-would be liable to oxidize and would 
give rusty stains on long exposure. 


! This is a mistake, as the black constituent of the specimens analyzed, which were submitted 
to me for study, was biotite. The alkali determination given above differs greatly from that given 
for the Becket gneiss and from the results of microscopical examination, which indicate the presence 
of potash-feldspar. 
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As far as we may judge from the chemical and mineralogical composition, these 
Monson granites should remain practically unchanged for an indefinite length of time, 
since those constituents which favor disintegration are present in unusually small 
proportion. 

Yours, truly, JOHN M. ORDWAY, 
Professor Industrial Chemistry. 


STRENGTH OF THE MONSON GNEISS. 


Interesting data concerning the strength and durability of the Monson 
granite are given by Mr. A. P. Merrill. A block 7.6 by 7.4 inches, placed 
with the bedding horizontal, was crushed by a weight of 15,390 pounds to 
the square inch, and one 6 by 6.1 inches, with the bedding vertical, was 
crushed by a weight of 12,720 pounds to the square inch.! These results 
may be compared with those given for the Becket rock on page 36. 


CONGLOMERATE STRUCTURE IN THE MONSON GNEISS, AND SUDDEN EXPANSION OF THE ROCK IN 
QUARRYING. 


The trimmings of Williston Hall, one of the buildings of Amherst 
College, was made of rock from the Monson quarries. I had been familiar 
with the buildings since my college days, and I was startled, two years ago, 
upon observing distinct traces of pebbles in the blocks forming the coign on 
the northeast corner, especially in those between 8 and 12 feet from the 
ground. Pl. I, coign of Williston Hall, Amherst College, represents these 
blocks, and is copied from a photograph. A little later I discovered traces of 
the same structure in the quarry at Monson, in a portion of the rock 6 or 8 
feet square, near the surface of the ledge, and a rod north of the trap dike 
that intersects the quarry. I took a photograph of the wall, and the next 
_ year found the whole quarried away and secured a photograph of one large 
block which had recently been blasted from the spot. These pebbles were 
uniformly compressed, so that they were of a flattened ege-shape; the 
shortest diameter, about an inch or an inch and a half, was east and west; 
the next, 2 inches, was north and south, and the longest, nearly 3 to 4 
inches, was vertical. he foliation here stands nearly vertical and strikes 
north and south; the gneiss lies in the core of a close-pressed anticline, 
and the pebbles have been flattened in the foliation plane by an east-west 


1 Stones for Building and Decoration, New York, 1891, p. 406. 
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force and were able to expand but slightly in the north-south direc- 
tion because of the resistance of the adjacent rock. ‘They have been 
extended almost entirely in the vertical direction, but as this motion took 
place against the great weight of the superincumbent rock, there was a 
strong expansive stress or resistance in the north-south direction, and it is 
this tendency to expansion, still stored in the gneiss, which would seem to 
explain the sudden north-south elongation of blocks of the rock when they 
are quarried. These most remarkable phenomena have been described 
fully by Professor Niles.’ 

The face of the quarry looks westerly, and horizontal joint planes are 
utilized in quarrying. Except for these planes the rock is remarkably free 
from joints. Slabs 3 to 5 feet in thickness and 10 feet wide from east to west, 
and of very great length from north to south, are split off by a long line of 
wedges, and while one end of the rock still retains its connection with the 
ledge the other expands so that the halves of the drill holes fail to match. 
In one case, in 1869, a block 4 feet thick, 11 feet wide, and 354 feet long 
was split by the use of nearly 1,200 wedges. As the block was followed 
up from the attached end the halves of the drill holes soon ceased to match 
exactly, and this increased with regularity to the other end, where the elonga- 
tion amounted to an inch and a half. Many such cases have occurred at all 
seasons and times of the day. Several were carefully studied by Professor 
Niles, and I have myself seen one most striking case. Where a long line 
of wedges was put in about 6 feet back from the quarry face, and before 
the cross channel was cut at the south end of the proposed block, the crack 
started of itself and ran beyond the line of the wedges for a long distance 
to the north, while at the south end it soon left the line of the wedges and 
went west, and ran out to the quarry face, and the expansion then caused 
the block to project at the south end westerly over the face of the quarry. 
As much as 10,000 tons of rock have been quarried out by a single fissure. 

In the same way the expansion causes the horizontal sheets of the rock 
to rise, often quite suddenly, in considerable anticlines, with the arch as much 
as 50 feet long and the rise 3 or 4 inches. These anticlines form some- 
times with explosive. violence, throwing large fragments of the rock more 
than 2 feet from their original position. The large area of shattered rock 
produces the impression of a small but violent earthquake. The explosions 


1 Proc, Boston Soc. Nat. Hist., Vol. XIV, p.80; Vol. XVI, p.41; Vol. XVIII, p. 272; and Proc, Am. 
Assoc. Adv. Sci., Vol. XXII, part 2, p. 156. 
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NORTHEAST COIGN OF WILLISTON HALL, AMHERST COLLEGE. 


Showing the Cambrian conglomerate-gneiss from the Monson quarry, 


with traces of pebbles, and shear 


zones darkened by excess of biotite. (The pebbles are much more distinct in the photograph than 


in the reproduction, especially at the left.) 


THE MONSON GNEISS. 65 


are likened by the miners to the firing of a blast, and have been heard a 
mile away from the quarry. 

Professor Niles explains the phenomena here described as the result of 
a force of compression acting from north to south. This would be a later 
exertion of the same mountain-making force which, acting from east to 
west, has folded the rocks in meridional ridges. I know of no independent 
evidence of the replacement of the east-west force by a later north-south 
compression. ‘The changes of level in the Glacial period, and along our 
coast in later ages, seem to come under a different category. 

The rock is certainly in a state of elastic compression in a north-south 
direction at present, while the last traceable dynamic change it has under- 
gone was the strong east-west pressure which crushed its pebbles into flat 
disks and caused them to be so greatly stretched in the vertical direction. 
In the resolution of this force some portion of its north-south component 
seems to have been stored in the rock as an elastic stress which expresses 
itself in expansion when the surrounding masses are removed. 


A COMPLEX MINERAL VEIN OF THE GNEISS. 


A curious vein occurs in the northwest corner of the Monson quarry, 
adjacent to the region where the gneiss is highly hornblendic. The earliest 
filling of the vein was a matted mixture of pale-green, fine-fibrous actino- 
lite, granular to short-bladed epidote, clinochlore, magnetite in octahedra, a 
little quartz, and colorless prehnite in thin, flat blades of the form 0 (001), 
co P & (010), © P » (100), (110), flattened on 0 and elongate parallel 
to the short axis. ‘They are very minute, but were determined crystallo- 
graphically by fixing the position of the optical axes. This ends with a 
downy surface of thin, colorless prehnite blades, and a second series begins 
with calcite in fine, transparent, cleavable masses, followed by rich-green 
prehnite in rosettes and sheaf-like forms, upon which is a final generation 
of calcite in distinct crystals—the rhombohedron R with its edges replaced 
by a scalenohedron. 

In other parts of the vein this is followed by laumontite, at first inter- 
grown with the prehnite and then resting upon it. It is in fine, large crys- 
tals and coarse-granular crystalline aggregates of pink-white color. The 
series is closed by a leek-green hornstone, which fills the vein and envelops 


the laumonite. 
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THE LOWER SILURIAN SERICITE-SCHISTS AND AMPHIBO- 
LITES ON THE WEST SIDE OF THE VALLEY. 


THE HOOSAC SCHIST=THE ALBITIC MICA-SCHIST,! 


Next east of and next above the Becket gneiss a continuous band of 
feldspathic mica-schist, often sericitic, crosses the State, and the irregular 
western boundaries of the counties here studied include three portions 
thereof within Monroe, Middlefield, and Blandford, while a loop of the 
same rock is brought up in the Granville anticline. 

The bed has so decidedly the habit of a mica-schist and is so closely 
associated with the mica-schist next above that I have chosen the name 
‘‘albitic mica-schist” rather than gneiss for it. At its northern extremity, 
however, the amount of feldspar increases and the rock becomes a gneiss, 
porphyritic with small crystals of albite. It is shown below that this is 
the Green Mountain gneiss of Adams. At the base of this formation a 
dark, highly garnetiferous mica-schist forms the passage bed from the 
Becket gneiss to the main portion of the series. The latter has the habit 
of a mica-schist, although it is generally quite feldspathic. The small, 
rounded crystals of albite scattered porphyritically in the mass have often 
in crystallizmg cemented several grains of quartz together. Both micas 
are present, and the rock is generally quite dark from the abundant biotite. 
It shares with the following formation the greasy feel from the hydration 
of its muscovite. Where it crosses the Boston and Albany Railroad the 
basal garnetiferous schist has disappeared, and the whole series is from 
the base up a light-gray, quartzose sericite-schist, porphyritic with many 
small, rounded albite crystals, which often cement the quartz grains. 


1Base of the talcose schist of President Hitchcock. 
66 i 
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THE MONROE AREA. 


Prof. C. B. Adams introduced the name Green Mountain gneiss for 
the gneiss of the Green Mountain range in Vermont, in his first report,’ but 
without definition or detail. The name occurs in his enumeration of the 
primary rocks, between talcose slate and gneiss proper, and he remarks that 
in and south of Mount Holly the gneiss replaces more or less the talcose slate. 

In the second report of Professor Adams? is a letter from President 
Hitchcock, who calls attention to the fact that the broad band of gneiss 
which makes the axis of the Green Mountains across Vermont seems in 
Massachusetts to be replaced suddenly by mica-slate, and fears an appear- 
ance of discrepancy between the maps of the two surveys if the gneiss is 
made to run up to the south line of Vermont. He expresses the belief that 
the rocks change on the strike in the neighborhood of the State line, and 
adds that much of the rock is halfway between gneiss and mica-slate. 

In his own final report on the geology of Vermont’ President Hitch- 
cock says that Professor Adams gave the above name to distinguish from 
true gneiss this range of gneiss, which is characterized by a deficiency of 
feldspar, so that the rock is often mica-schist, or at the best feldspathic 
mica-schist. 

On a later page* reference is made to the sudden change of the Green 
Mountain gneiss into the gneiss and mica-schist of the Hoosac range, and 
this change is explained thus: 


1. The mica-schist of Hoosac Mountain and the gneiss of the Green Mountains 
belong to the same formation, and the Massachusetts stratum of mica-schist becomes 
gneiss extremely near the State line by the addition of a little feldspar. It is a case 
of the metamorphism of one rock into another. 

2. There is a narrowing of the formations very near the State line. Both the 
gneiss formation and the mica-schist curve to the westward, so that in Massachusetts 
the mica-schist and gneiss are narrower than in Vermont. 


It will be seen below that the Green Mountain gneiss in Heath and 
Monroe dips beneath and does not pass into the mica-schist of the Hoosac 
range. 


1 First Ann. Rept. Geology of Vermont, 1845, p. 62. 

2 Second Ann. Rept. Geology of Vermont, 1846, p. 248. 
sRept. Geology of Vermont, Vol. I, 1861, p. 454. 
‘Ibid., p. 462. 
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was so kind as to guide me to it. Just south of where the tunnel crosses 
the west line of Florida the Becket gneiss wraps around the Archean 
nucleus of Hoosac Mountain and the feldspathic mica-schist wraps around 
the Becket gneiss, and Dr. Wolff called my attention to the fact that the 
mica-schist is at base a rather dark garnetiferous mica-schist. 

Thickness.—1 have not been able to form an opinion concerning the 
thickness of the Hoosac schists from this region. They are cut across in 
the Hoosac Tunnel and are 7,000 feet thick measured horizontally, and 
this with a mean dip of 35° would give 4,000 feet for their thickness, but it 
is not certain that the section is free from repetitions or faults. 


THE MIDDLEFIELD AREA. 


The band of Hoosac schist continues from the point where it leaves 
Monroe, in Franklin County, a little east of south across Berkshire County 
to the point where it enters Middlefield, in Hampshire County; and in all this 
distance (24 miles) I have found the bed to maintain its character unchanged. 
There is a garnetiferous mica-schist stratum at the base, and above this a 
heavy bed of a feldspathic mica-schist fairly well deserving this name, as it 
is not so albitic as thatin Monroe. It changes everywhere rather suddenly 
into the stratum above, the change consisting only in the disappearance of 
the porphyritic albites and part of the mica, the rocks being otherwise alike. 

In both the mica is very extensively hydrated and greasy to the feel, 
and the rocks have been called talcose schists, taleoid schists, and, lastly, 
hydromica- or sericite-schists. It is generally barren, but in some bands 
is garnetiferous. The garnets are uniformly quite large—12 to 15™™ may 
be an average—and are widely scattered through large beds of the rock, 
not often massed together in a single layer, as in the calciferous mica- 
schist. They are almost always trapezohedra, while in the last-mentioned 
schist they are rhombic dodecahedra. They are often surrounded by a layer 
of chlorite, which has sometimes wholly replaced the garnet, and scattered 
bunches and scales of the same green mineral appear everywhere on the 
cleavage surfaces of the schists, distinguishing this and the Rowe, Savoy, 
and Hawley schists from all others in the series. The micaceous minerals 
are generally present in but small quantity, and much of the rock could 
be described as a micaceous quartz-schist. 
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As it blends southwardly with the Rowe schist, which becomes feld- 
spathic, and as it is here also doubled by its reappearance in East Granville, 
the whole of its southern portion was associated with the gneiss below by 
President Hitchcock, though in his first publication he suggests doubtfully 
‘the passage of the mica-schists into gneiss along the line of strike,” and 
reiterates the idea more decidedly in the first report on the geology of 
Massachusetts.” He continues, however, to color his map in accordance 
with the lithological character of the rock, representing the gneiss as a 
broad wedge, tapering northward, and the mica-schist as a wedge of about 
equal size, tapering southward and scarcely reaching the south line of 
the State. Prof. C. H. Hitchcock, from a study of the data given by his 
father, and of Percival’s report, has in part corrected this in a map published 
in Walling’s Atlas of the State of Massachusetts.’ 


SECTION ALONG THE BOSTON AND ALBANY RAILROAD. 


The variety presented by the schist from below upward is well 
illustrated by a continuation of the section along the railroad from the 
point reached upon page 32. Just east of Bancroft station, where Factory 
Brook joins the Westfield River, the lowest bank of Hoosac schist rests 
upon the granitoid Becket gneiss with clear unconformity. It is a well- 
defined hydromica-schist, light-gray, quartzose and thin-fissile, but porphy- 
ritic with an abundance of small albite crystals, which are of rounded 
outline and are filled with the quartz grains in the midst of which they 
have formed. 

Twenty rods east, at the beginning of the cutting, the green-spotted 
hydromica-schist carries large, fine garnets (00), and alternates through 
the cut with sandy gneissoid layers—layers which are gneiss in composition, 
but of an arenaceous texture, like that of the Devonian feldspathic quartz- 
ites described later from Bernardston, rather than that of the older gneisses. 
The appearance of the rock is as if a later development of feldspar and mica 
in a sandstone had transformed the rock into a gneiss which retains a sandy 
texture very different from that of the lower gneisses, where the constituents 
are closely interwoven. 

On passing the second bridge the hydromica-schist, still feldspathic, is 


1 Geology of the Connecticut: Am. Jour. Sci., 1st series, Vol. VI, 1828, p. 19. 
2 Geology of Massachusetts, 1835, p. 332. 
3 Boston, 1871. 
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filled with flattened lenses, placed with the bedding, of quartz and of quartz 
and feldspar; and from this point the road runs for nearly a mile through 
an almost continuous cutting of the light-gray, flat-bedded hydromica- 
schists belonging to the next series—the Rowe schists, which are without 
accessory minerals of any kind and preserve a monotonous uniformity. 
The dip is nearly vertical, and the section line is nearly at right angles to 


the strike. 
RELATION TO THE BECKET GNEISS. 


It has been already stated that at the brook junction east of Bancroft 
station the change from the compact, flesh-colored, granitoid gneiss of the 
Becket series below to the porphyritic hydromica-schist is abrupt. The 
contact between the two is exposed for a good distance and is a fissure, the 
rocks not being welded together, and the discordance in strike is consider- 
able and in dip very large. There is certainly unconformity and probably 
faulting at this point, but the nearness of the point to the area where the 
Becket gneiss is so irregularly wrapped around the southern end of the 
Hinsdale gneiss, and the fact that the Becket gneiss is peculiarly irregular 
in structure clear up to the junction, make it possible that this unconformity 
is only local, and at all events deprive it of a decisive weight in settling the 
question of real unconformity. The junction can be well followed north 
from the railroad to the center of Middlefield, and the series retains exactly 
its character, showing a great development of feldspathic hydromica-schists 
and imperfect, sandy gneisses, and above these a much greater mass of 
barren, gray, and green-blotched schists, belonging to the Rowe schists. 
The transition between the two series—the gneiss and the feldspathic 
schist—is best studied between the village and the Fair Grounds in Middle- 
field Center. 

Just below the point where the roads join at M. Smith’s, south of 
the Fair Grounds, the Rowe hydromica-schist, while retaining exactly its 
dip and strike (strike N. 10° E., dip 70° to 80° E.), its flat-fissile, schistose 
appearance, its gray surface spotted with green, and the multitude of small 
corrugated and twisted quartz lenses, becomes indistinctly porphyritic, the 
feldspar here and there cementing together a group of sand grains. As one 
goes lower (i. e., westerly) this alternates many times in thick and thin 
beds with the common hydromica-schist, often chloritic, until the beds 
which strike through the Fair Grounds become a quite well-characterized 
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gneiss, but still filled with the small tortuous quartz veins, and differing 
from the Becket gneiss below by the presence of two micas, the muscovite 
being the prevailing variety. In the village itself, but a few rods farther 
west, the true Becket gneiss appears and occupies all the region westward 
with exactly the same strike and the same high dip, and though the exact 
line of contact is not exposed, there is nothing to suggest unconformity. 
Everything here points to a gradual passage of the gneiss up into the 
hydromica-schist. On the other hand, the rocks here all stand vertical side 
by side and have been subjected to the greatest compression, and the traces 
of an unconformity of considerable importance may well be masked. 

However, going south from the railroad across Becket, Blandford, and 
Tolland, along the winding junction line of the two formations, one finds 
marked evidence of a considerable unconformity, in that while the newer 
formation conforms in strike to the undulations of the boundary line, dip- 
ping away from it to the east, the strike of the older is in all this distance 
uniformly N. 40° to 45° E., almost at right angles to the boundary, and 
thus to the strike of the newer rocks. 

I conclude that the unconformity between the two formations is 
general, and that the feldspathic character of the lower half of this forma- 
tion is due to its derivation from the older gneisses, against which it rests 
in, the form of a coarser, feldspathic material, while the upper portion was a 
more arenaceous sediment, largely deprived of its alkaline constituents, and 
this conclusion seems to me strengthened by the study of the same junction 
on the east side of the Connecticut. 


THE GRANVILLE AREA. 


This area comprises Blandford, Tolland, and Granville, in Hampden 
County, and Hartland and Granby in Connecticut. 

South of the railroad section given above, along the south line of Mid- 
dlefield, the feldspathic mica-schist continues across Becket in Berkshire 
County to its southeast corner, and’there it enters the Granville quadrangle at 
its northwest corner, and at the same time Hampden County. Its relations, 
especially to the Rowe schist above, can best be studied on the road west 
from Chester, where the pale greenish-gray hydromica-schist (Rowe schist) 
succeeds the hornblende-schist as one goes west from the Kmery mine, 
and is well exposed at the iron watering trough. Just beyond the first 


74. GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


bridge in Becket the gray, garnetiferous, feldspathic mica-schist sets in and 
continues to the sawmill, where the Becket gneiss appears in a large quarry. 
Still farther south, in the west corner of Blandford, the Rowe schist narrows 
and occupies only the width of the North Meadow Pond, but is still a well- 
defined band of sericite-schist, while the Hoosac schist retains its width and 
appears in the high hills west of North Blandford. 

Two wiles farther south, at Blair Pond, the rock from the Becket gneiss 
below to the hornblende-serpentine band above, and including thus both the 
Hoosae and Rowe schists, is a rather coarse mica-schist, not sericitic, but 
quite feldspathic, and in places abounding in staurolite crystals. The 
country begins in this latitude to abound in granite stocks and swarms of 
dikes, and the feldspathic character of the schists seems to depend largely 
on an impregnation from this granite, and the feldspathic constituent is 
arranged in flat blotches on the foliation faces, rather than in abundant small 
porphyritic crystals, as is the case farther north. The lithological dis- 
tinctness of the Hoosac schists and the Rowe schists disappears, from the 
loss of the hydrated mica in the upper bed and of the porphyritic albite 
in the lower, and I have not tried to separate the two beds in the Granville 
quadrangle. 

By the development of three anticlines in these schists, in the two outer 
of which the Becket gneiss comes to the surface, and by the troughing out 
of the hornblende-schists in the intervening synclines, this complex expands 
eastwardly to cover the whole of the Granville quadrangle, wrapping around 
the separate area of gneiss in East Granville and Granby. (See map, PI. 
XXXIV.) 

Granite continues abundant, and the rock becomes in the whole south- 
ern portion of the Granville quadrangle a very coarse muscovite-biotite- 
schist, showing on foliation faces continuous films of large muscovite plates, 
or muscovite and biotite regularly intergrown, with, at times, feldspar or 
pegmatitic quartz-feldspar masses-in the interstices, in place of the usual 
granular quartz. ‘Toward the base of this complex on its western border, 
and in better development around the Granville gneiss, is a rock of very 
attractive appearance. It is a white, gneissoid rock of rather coarse grain. 
In the limpid, granular quartz mass the rather distant scales of silvery musco- 
vite, pale-red biotite, and pyrite are compressed into perfect parallelism, so 
that on foliation faces a very bright, silvery luster occurs. Considerable well- 
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striated plagioclase appears in limpid grains in the granular quartz ground, 
and the rock is the gneissoid development of the albitic Hoosac schists, 
whose places it takes, though it did not seem constant enough to furnish a 
basis for the division of the rock in mapping. 


HORNBLENDIC BANDS IN THE ALBITIC MICA-SCHIST. 


Along the eastern portion of the area, on the east slope of Sodom 
Mountain, in Granville, bands of nodules of a pale-green actinolite-garnet 
rock occur, of a type which, so far as I have observed, has always been 
derived from limestone. ; 

On the west slope of the same mountain is a narrow band of flat, 
fissile, garnetiferous hornblende-schist of gneissoid structure. The horn- 
blende is in black, shining grains, and the mass of the rock is black, but is 
closely spotted with round, whitish spots 4-6™™ in cross-section, in which 
the hornblende is in larger crystals but much less abundant. Farther south 
the same rock contains garnets of the same size and arrangement as the 
whiter spots, so that it seems the hornblende may have been kept out of 
these spaces by garnets which have since disappeared, to give place to a 
later development of larger crystals of hornblende. 


THE SHELBURNE FALLS ANTICLINE. 


Nearly everywhere around the Shelburne Falls anticline hornblende- 
schist seems to rest directly upon the gneiss, and in several places it can be 
seen to do so, but on the west side, near J. W. Whitney’s, there occurs just 
below the hornblende-schist a white quartzite containing distant scales of 
biotite, magnetite octahedra, and rutile needles. This may be taken as a 
possible remnant of the hydromica-schist series. (See section 3 of the 
Hawley section sheet, Pl. XXIV.) 

Accessory minerals—Excepting garnet, which occurs locally in the 
greatest abundance in large crystals (12-20""), generally with trape- 
zohedral form, the formation is very poor in accessory minerals. 

Staurolite occurs in quite good crystals, in both forms of twinning, on 
the road west of Blair’s pond, in Blandford. 

Cyanite appears in gray crystals just where the formation crosses the 
State line on the south, and near the south line of Blandford on the West 
Granville road. 
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THE ROWE SCHIST=THE LOWER SERICITE- OR HYDROMICA-SCHIST. 


For two-thirds of the way across the State, starting from the north, 
the stratum between the albitic mica-schist below and the interrupted horn- 
blende-serpentine band (the Chester amphibolite) is a thick but extremely 
monotonous bed; and as for the purpose of working out the architecture 
of the region every valid distinction needs to be utilized, I have marked 
this bed separately from the Hoosac schist as far south across the State as 
practicable. It is the rock of the first 7,000 feet of the Hoosac Tunnel. 
In Hampden County, as already indicated, it becomes feldspathic, and can 
not be easily distinguished from the band below, as it is followed south 
from that region. 

FRANKLIN COUNTY. 


The schist enters Franklin County from the south, across the line 
between the east portal of the tunnel and the great serpentine deposit at 
E. King’s, nearly a mile east, and, with high dips to the southeast, bends 
around the south end of the Green Mountain gneiss, and extends, with a 
width of a mile, northeast into Vermont. 

At the tunnel portal and east to the serpentine it is a very quartzose, 
pale-green, hydromica-schist, stretched so that it has often a ligniform 
structure. It contains a few garnets, trapezohedra, and many flattened 
lenses of quartz, which rarely contain dolomite. : 

Followed northeast, where it crosses the Rowe-Monroe road it is very 
chloritic in its upper portion, and at the base is a dark, rusty mica-schist, 
resembling the Conway schist. 

A thin section was cut from the rock 4,000 feet from the east portal of 
the tunnel; it is a light-gray, schistose rock of greasy feel, a true sericite- 
schist, from whose powder the magnet removes much magnetite. It shows 
under the microscope a mosaic of fine quartz grains, dusted with magnetite 
and wrapped around with muscovite and pale-green chlorite scales. 


HAMPSHIRE COUNTY. 


As the Rowe schist crosses Middlefield it has the same monotonous 
character. It is, however, more garnetiferous, and the garnets are very 
generally chlorite-bordered, and on foliation faces blotches of chlorite 
appear mixed with the hydrated mica. 
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It is best studied in the continuation of the section along the Boston 
and Albany Railroad, beginning at the point reached on page 72, at the 
second bridge east of Middlefield station. There is from this point a nearly 
continuous cutting for almost a mile through these light-green, quartzy 
sericite-schists, here wholly barren and monotonous. 

Just beyond the fourth bridge many beds of a flat-fissile, epidotic 
amphibolite and of sericite-schist are exposed, as follows, eastward from the 


bridge: 
Section of Rowe schist containing amphibolite. 
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The same rock extends, poorly exposed, with a single small band of 
amphibolite to the Chester amphibolite at the Chester line; whole thick- 
ness, 820 feet. 

This is the first case where any amphibolite occurs below the Chester 
amphibolite, and it is here that the remarkable overfolding or overcrushing 
of the vertical beds of thin-fissile amphibolite occur, which has been figured 
by President Hitchcock, who refers it to crushing by ice.’ 


HAMPDEN COUNTY. 


The rock is best studied along the Chester-Becket road, westward 
from the Chester emery mine, where much rock cutting has been done to 
protect the highway from the mountain brook along which it runs. It is a 
soft, greasy sericite-schist, often becoming very quartzose and then of firmer 
texture. Itenters the Granville quadrangle (and at the same time Hampden 
County) at its northwest corner, and continues with a width of half a mile 
to the pond at North Blandford. Two miles farther south, as noted in the 
description of the Hoosac schists, the whole area across from the Becket 
gneiss to the Chester amphibolite is biotitic and feldspathic and not marked 


1Elementary Geology, p. 139. 
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by hydrated mica. As the intervening area is almost wholly covered, the 
line is drawn upon the map with much doubt. 


THICKNESS. 


The section gone over from the Middlefield station to the top of the 
series at the Chester line is, measured directly across the strike, 6,970 feet, 
which, with an average dip of nearly 80°, would give a thickness for the 
series of 6,897 feet, provided there be no repetitions from close folding or 
secondary structure simulating bedding—a thing one would be very unwill- 
ing to admit. This includes, it will be noticed, the two beds between the 
Becket gneiss and the big hornblende bed; that is, the Hoosac and Rowe 
schists. 

THE CHESTER AMPHIBOLITE AND SERPENTINES. 


The albitic mica-schist and the lower sericite-schist already described, 
the hornblendic band which is separately discussed in this chapter, and the 
upper sericite-schist and the chloritic schist next to be treated (that is, the 
Hoosac schists to the Hawley schists, inclusive) are certainly one conform- 
able series of beds, and form a group well demarcated from all above and 
below. The correlation of the strata has been attended with great difficulty, 
owing in large part to the fact that southward along the line of strike the 
hydration of the mica becomes less, and at last becomes inappreciable, while 
the chlorite also disappears and the feldspar increases in quantity, so that 
what in Hampshire County is well-characterized hydromica and chloritic 
schist becomes in Hampden feldspathic mica-schist, or even quite well- 
marked gneiss.’ 

I have therefore found the broad band of amphibolite, associated 
abundantly with serpentine and talc, although interrupted, to form an 
exceedingly useful horizon clear across the State. Carrying as it. does the 
unique emery vein at Chester, it is also of great interest in itself. 


GENERAL DESCRIPTION. 


The amphibolite is a dark-green rock, either flat thin-fissile or ligni- 
form, and rarely massive. It is almost always epidotic. Along its eastern 
(that is, its former upper) surface at various points occur great masses of ser- 
pens or ser pores and steatite ne latter above the SeteeneS), or rarely 


. 1This ‘change is esa a oe great isaiuey of granite in and south of Blandford, from which 
the schists are greatly soaked with feldspar. 
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of steatite alone. These lenticular masses have eaten their way into the 
amphibolite for various distances, and it is suggestive that they always 
appear along the upper surface of the amphibolite, or on the upper surface 
of separate bands where, as is often the case, the latter rock does not occupy 
the whole space assigned to it on the map, but has intercalated subordinate 
layers of sericite-schist. 

The Chester emery bed occupies the same position along the eastern 
border of the amphibolite. The character of the serpentine bands which 
accompany the amphibolite changes in Blandford. At Osborn’s quarry is 
a bed of sahlite-serpentine, one of olivine-serpentine, and the first of a 
series of enstatite-serpentines, which, as the bed is followed, becomes of 
greater relative importance and gradually almost replaces the amphibolite 
and is itself at last almost replaced by coarse dolomitic limestone. 

The band is in its whole extent conformable with the sericite-schists 
and runs across the country with dip varying very little from 90° and in 
strike conforming to the winding of the schists. 


FRANKLIN COUNTY. 
THE ROWE SERPENTINE. 


In the northern portion of the State the band enters the town of Rowe 
from Vermont, exactly at its northeast corner, and extends southwest across 
the town as a heavy bed, 10 to 20 rods wide, of a black, thick-bedded, epidotic 
amphibolite. It séems to be continued far north to the important actinolite 
bed at Newfane. It is well exposed at the bottom of the hill south of the 
house of J. Streeter, jr., and runs about a mile west of Rowe Center, where, 
49 rods northeast of A. C. Bliss’s, it carries on its east border a heavy bed of 
steatite (bed No. 1°), which is very hard and chloritic. From this point it 
takes the same curve as the Deerfield River to the west, and forms the crest 
of a ridge until, at J. C. Cressy’s, it crosses the road running down to Hoosac 
Tunnel. It is here 30 rods wide, is very fine-grained, black schist in its 
western portion, and on the east is an epidotic quartz-hornblende-schist, 
and there are one or two other bands a few rods east in the hydromica- 
schist. It continues down the hill, and where it cuts across a sharp bend 
in the road it changes suddenly almost entirely into serpentine and steatite 
(bed No. 2), only 7 feet of the amphibolite remaining on the western border. 


! For convenience of reference I have numbered the beds of steatite and serpentine described in 
this section. 
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Here the following section is exposed, from below upward, i. e., from west 


to east: 
Section at Rowe serpentine quarry. 
, Feet. Inch. 

Rowe schist: J sc2.s)s2 4" 1. Sericite-schist. 
(2: Hornblende-schist ............-.- (eanO) 
3: ‘Taleose schisthiee =. aot. sud soa cies (a 
Chester amphibolite. SE ae | 
5, APaleoseischistie. =< =:.'28.- seem 46 0 
\ 6, Ohiotite-sehist. ...-.2 2. abies 7 0 

Savoy schist ......-.- 7. Sericite-schist. 
Total thickness, from 2 to 6 inclusive..............-. 510 1 


No. 4 is a serpentine altered from amphibolite; 3 and 5 are masses of 
schistose talc, representing a further stage of the alteration. It abounds in 
dolomite. It has been extensively quarried, but the large buildings erected 
for working it are abandoned. 

THE EAST PORTAL FAULT. 

The series maintains a width of about 30 rods down to a point 100 
feet above the Deerfield River, and the continuation of the band can not 
be found across the river on the south; but it is shifted a mile to the 
west, to Mount Serpentine, by an important fault running in the bed of 
the Westfield River at this point. It is thus carried beyond the limit 
of Franklin County, but as it is still within the Hawley quadrangle 
its further course is traced to the point where it enters Worthington, in 
Hampshire County. 

The steep mountain rising west of Rice’s tavern, at the east portal 
of Hoosac Tunnel, and easily distinguished from the others that surround 
the valley by its bare precipitous walls, is Mount Serpentine, and is a 
great mass of the rock which has given it its name. ‘Its north face seems 
to be the face of the fault here described; its east wall appears to be 
formed by the peeling off of the vertical schist from the massive serpentine. 

The mountains as seen from the valley are projections of the plateau, 
notched by the successive brook gorges; and taking the road running up 
southwest from Rice’s tavern, one finds at the first brook-crossing a 
magnificent bowlder of serpentine, and can climb by this brook to the 
serpentine overhead. By following the road. to the first house, and then 
going 50 rods west, one comes on the serpentine, after passing a band of 
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amphibolite 6 rods wide and 10 rods of swampy ground, probably in 
whole or part underlain by steatite (bed No. 3). Then comes the dark- 
green serpentine, which is here 35 rods wide, and it is followed immedi- 
ately by black, thin-fissile amphibolite. This is so clearly a repetition of 
the series at the soapstone quarry given above that a fault, substantially 
as shown on the map, is quite certainly present. 

Where the beds cross the road to the south they are covered, and 
continue so as far south as I could penetrate in this wilderness. 

At latitude 42° 352’, longitude 72° 554’, the amphibolite appears again, 
and the line of boundary is drawn approximately from the strike between 
these points, as the amphibolite could not be found and the sericite-schists 
above and below the amphibolite are hardly distinguishable. Indeed, at 
the cross-roads a mile north of the last locality the sericite-schist is 
almost continuously exposed, but careful search failed to disclose any 
amphibolite. 

From the last locality the amphibolite makes a bend to the east and 
cuts across the sharp curve in the road next south. On entering the 
Chesterfield quadrangle, the amphibolite, where it crosses the road near 
Swift River, in Windsor, is changed to steatite (bed No. 4), and at Jordans- 
ville the schist is well exposed in the brook southwest of the village. 


HAMPSHIRE COUNTY. 


THE MIDDLEFIELD SERPENTINE. 


Reentering the county, the amphibolite appears just west of the village 
of West Worthington, and can be traced thence southward. At H. Smith’s, 
in the northwest of Middlefield, it has on the east a fine deposit of serpen- 
tine (bed No. 5), bordered on the east by talc. Along the east side of a 
band of the common amphibolite rests a mass of dark-green serpentine, and 
next east a great mass of steatite, often carrying large nodules of the finest 
dolomite surrounded by delicate-green talc, and on the east sericite-schist_ 
folds around the great boss of steatite, as if it had been present—or, rather, 
as if the rock of which it has been formed had been present—as a foreign 
and resistant body during the compression of the schists. The steatite is 
here 66 feet wide, and it furnishes the best material in its upper half. It 
is opened in a quarry 41 feet wide and 82 feet long, and is separated from 
the amphibolite opposite the quarry by only 16 feet of covered space; so 
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here the serpentine can have at most only this thickness, though it swells a 
few yards north to treble this thickness at the expense of the steatite, 
which runs on north for a distance of 492 feet, with a thickness of 10 feet, 
and enlarges again into a pocket of harder soapstone. 

The deposit extends southward across the road, and is then opened again 
in a large quarry on the land of Mr. Howard. The New York Metropolitan 
Company has quarried 200 tons, paying a royalty of 50 cents a ton, and the | 
material was ground ata mill in the valley to the east. About as much 
more had been gotten out earlier, but no work was in progress at the time 
of my visit (1877). This is a type of all the serpentine and tale deposits— 
a lenticular mass of serpentine replacing the amphibolite in its upper 
layers, and, as it were, eating into its mass and suggesting strongly that it 
has been formed at the expense of the schist and itself changed later for 
a varying distance downward into tale. 

In a recent interview published in the Springfield Republican,’ the 
discovery by Dr. H. 8. Lucas of another bed of emery, or the continuation 
to the north of the Chester bed, is announced. It is at a point a mile east 
of Middlefield and a mile and a half nearly due north of Chester, on land of 
Frank Smith, and the land has been purchased by Dr. Lucas. It is asso- 
ciated with hornblende-schist, as is the Chester bed, and is quite certainly 
the continuation of this bed northward. The specimens from the new 
locality shown me by Dr. Lucas contain grains of blue corundum. 

Southward on the strike the outcrops are not abundant, but they 
are sufficient to show that the amphibolite is probably interrupted for a 
considerable distance, though it may be continued as a narrow band, some- 
what shifted by faults. ‘Two miles southeast of the cheese factory it appears 
again in great force, and immediately to the east of it the serpentine (bed 
No. 6) appears in still greater force. The two expand rapidly to a width 
of 200 rods and run as a prominent range of hills over the town line into 
Chester, dropping down suddenly to the brink of the Westfield River. On 
the east and west the vertical sericite-schists, 200 rods apart, inclose this 
great double bed of amphibolite and serpentine, and are continuous across 
the river to the south, and the western half of the bed, the amphibolite, also 
continues across, its eastern half, the serpentine, being replaced by amphib- 
olite in the bed of the river. The boundary between the two, which may 


1‘‘Another vein of corundum:” Springfield Republican, December 12, 1895. 
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be found just opposite a shoddy mill near the river, runs in a great curve 
N. 30° W., so that the serpentine encroaches still more on the amphibolite 
and at last occupies nearly its whole width. An inspection of the map 
(Pl. XXXIV) shows that the course of the river, where it separates ser- 
pentine and amphibolite, is in southward continuation of this curve, and 
that the serpentine is lodged as a great lens, a mile and a half long and 
nearly a half mile wide, in the amphibolite. The boundary line between 
the two runs up the hillside in a narrow gorge, its bottom everywhere 
encumbered with bowlders, and the amphibolite and serpentine could not 
be found nearer each other than 10 feet. At that distance there was no 
trace of transition from one into the other. Search was made for the bound- 
ary between the serpentine and the sericite-schist on the east for a mile 
north through the dense woods, but they could not anywhere be found in 
actual contact. The contact line was, however, a straight one, following 
the line of strike of the schist, while the schist, ordinarily a very flat-fissile 
rock, was for all this distance, and, indeed, for the full length of the ser- 
pentine lens, and in a thickness of above 350 feet, thrown into the most 
extreme contortions and twistings, the like of which I have hardly seen 
among any of the rocks of the region. This I take to be another indication 
of the formation of the serpentine before the final folding of the region. 
It is likewise interesting that along this line the serpentine was in many 
places, and it seemed continuously, separated from the sericite-schists 
above by a thin layer of amphibolite, and the serpentine, when traced to 
within a single foot of this, was complete serpentine. The mass of the latter 
would seem to be, then, strictly speaking, inclosed in the amphibolite. 

As already noted by President Hitchcock, this serpentine mass shows 
abundant signs of stratification, and I may add that this not only agrees 
with the dip and strike of the adjoining amphibolite, but shows closer agree- 
ment still with the latter, extending to the exact thickness of the lamine, 
the angles and distance of the jointing, etc.; and further, that this structure 
is one brought out in the serpentine again only by the action of atmospheric 
agents, below the surface the serpentine appearing wholly compact. The 
serpentine is the common rather light oil-green variety, and, especially 
where a fine splintery fracture is developed, it has a dry grayish-green 
color. It weathers to a deep red brown, and the great ragged hill, bare of 
vegetation and covered with an almost unbroken layer of immense bowlders 
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upheaved by frost, is a very striking object, suggesting immediately the 
idea of igneous action. 

I visited the place once when, after heavy rains, the fine brook which 
runs down from the high ground in a great gorge lined with bowlders of 
the weathered serpentine, and*the succession of beautiful waterfalls, derived 
a peculiar charm from their setting in the warm browns and greens of the 
rugged serpentine masses. 

The serpentine locally is rich in chromite, and a considerable excava- 
tion made in mining for it exists in the woods near the southeast extremity 
of the bed. Small veins of precious serpentine, much picrolite, and crusts of 
hydromagnesite of some thickness occur. It also furnished to Dr. Emmons 
the well-known pseudomorphs of serpentine after chrysolite, formerly called 
serpentine after quartz, or hampshirite, the exact locality of which I have not 
been able to recover,’ and was doubtless the origin of the large masses of 
yellow chalcedony found in Chester by the same geologist. These pseudo- 
morphs are large, distinct crystals more than an inch long. They are six- 
sided prisms terminated by six faces which have some resemblance to the 
ending of a quartz crystal, in which two opposite faces predominate, but 
giving the angles of chrysolite. They are covered by a straw-yellow, 
secondary serpentine of a compact but slightly radiate-fibrous structure 
(picrosmine); it is homogeneous and almost apolar under the microscope. 
An analysis was made for me by Miss Helen P. Cook, of the chemical 
department in Smith College. : 


Analysis of pseudomorphs of serpentine. 
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J 


Secondary shrinkage joints in serpentine.—The detached blocks of the 
serpentine have often suffered secondary decomposition, so common with 


1 These are fully described and figured, and the proof of their derivation from chrysolite is given, in 
A mineralogical lexicon: Bull. U.S. Geol. Survey No. 126, 1895, pp. 92, 146, under ‘“‘ Hampshirite.” 
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serpentine, to a depth of 10-15"", accompanied with loss of color, hardness, 
and volume; and as a result of this last the surface is often covered with 
a fine system of regular shrinkage joints, one set of straight fissures about 
20™" apart being cut by another at an oblique angle, the latter about 
50™ apart. In places the blocks have all separated from the underlying 
unchanged mass and lie loosely upon it. 


HAMPDEN COUNTY. 
THE CHESTER AMPHIBOLITE AND SERPENTINE. 

Following the heavy hornblende band across Chester, where it forms 
in the north the high, sharp ridge called Gobble Mountain, and in the south 
the still higher Round Mountain, one finds in the higher part of the first 
hill a considerable deposit of serpentine (bed No. 7), situated, like the others, 
at the upper surface of the hornblende, but offering nothing peculiar. 
Farther south, in the bottom of the brook gorge between these hills, at 
the old emery mine, is another deposit (bed No. 8), which is at a level of 
several hundred feet below the other. 

The excavations at the mine exposed the following section from east to 
west across the vertical strata: 


Section at the old emery mine near Chester. 


Savoy schist.....,.....; Sericite-schist. 
Steatite inclosing afew small serpen- ay 
f bier MOM CIOS he ase ie a Ase deed G 
Chester amphibolite. .< Emery and magnetite bed.......... 63-10 
Ei OrrOtlo sae tie ole oe 1 inch to 10 
( Hornblende-schist. 


The small nodules of serpentine, often as large as one’s hand, are 
isolated in the mass of the tale and are permeated by veins of the same 
material, and doubtless represent the original material from which the talc 
was formed. The serpentine is the usual variety, dark-green when wet, 
but, partly from its fine splintery fracture, gray-green when dry. Another 
variety is rich olive-green, and carries much malachite. 

The tale is pale-green, foliated for the most part, and often crowded 
with dolomite crystals. 

| THE BLANDFORD SERPENTINES AND PYROXENITE. 

The heavy hornblende bed continues with undiminished width across 
Chester, and is much covered by drift as it crosses into Blandford, where it is 
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again well exposed. Northwest of S. A. Bartholomew’s house, at his soap- 
stone quarry, some layers of mica-schist are intercalated in the amphibolite. 
The quarry, from which much soapstone (bed No. 9) has been taken for grind- 
ing, is inclosed in walls of chloritic mica-schist, and lies in the prolongation of 
a bed of the ordinary amphibolite, which is exposed just north of the opening. 

There is exposed in the north end of the excavation a layer, 1 foot 
thick, of light-green tale with scattered needles of actinolite, and east of 
this, one (the same thickness) of a green, soft, scaly chlorite, with here and 
there larger plates of clinochlore with very divergent optical axes, and 
‘magnetite octahedra. Farther south, in the bottom of the quarry, it can 
be seen that the steatite bed widens rapidly southward to 10 feet, and a mass 
of light-green fibrous actinolite appears, from which the whole steatite mass 
seems to have been derived, as it still retains the radiated and matted 
acicular structure of the actinolite. 

A few rods south of the steatite quarry, and just west of the village of 
North Blandford, is the great mass of serpentine (bed No. 10) marked 
upon Walling’s map of the county as “The Crater.” The name is said to 
have originated with Dr. Hitchcock, when he thought the rounded, isolated 
mass, with a large cavity in its center, proof of the volcanic origin of ser- 
pentine. It seems to me not improbable that the cavity in question may be 
an artificial excavation, and it is certain that in early times considerable 
digging was done there for chromite. It is an oval mass, 328 feet long and 
200 feet wide. On the west is a stratum of amphibolite 20 feet thick, which 
strikes north-south along the side and wraps round the north end until it 
strikes N. 28° E. This seems to indicate that the change to serpentine took 
place before the final compression of the rock, or that the original rock was 
different and less compressible than the amphibolite. Below is the sericite- 
schist. The serpentine from this locality is easily distinguished from any 
other by its compactness, its black-gray color, the abundance of dissemi- 
nated magnetite, and the nickel-green crust from weathering. 

Along the strike of the rocks southeast by south the ground is much 
covered and no further outcrops have been found, though the region has 
been thoroughly searched in prospecting for emery, until the Osborn soap- 
stone quarry is reached;, but several bowlders reported to me by Mr. 
Bartholomew, viz, serpentine west of the north end of Blair’s pond, and 
soapstone northwest of Pebble’s brook, and also west of the Blair’s pond 
road, indicate other deposits in the intervening space. 
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The Osborn soapstone quarry lies west of the house of Mr. W. H. 
Griswold. Passing west over a few rods of sericite-schist, with two granite 
dikes and a thick stratum of serpentine, and more schist, all with strike 
N. 40° W., dip 45° E., one comes upon a bed (No. 11) of black serpentine 
50 feet thick, which can be followed south a considerable distance along 
the line of strike and ends abruptly against chlorite-schist along a line at 
right angles to the strike. 

It is also underlain by the chlorite-schist, and following the line of 
strike of this south a few yards, across covered ground, one comes upon the 
large quarries of a soapstone which has completely the structure of the 
coarse radiated actinolite from which it has been derived, and fresh and 
partly altered masses of the latter are also abundant, together with large 


GAISWOLD HOUSE 


BRoon 6 


N35 °W 80E 
Fig. 5.—Section at Osborn soapstone quarry, Blandford. S S=Sahlite-serpentine; S—Steatite and enstatite-serpen- 
tine; O S=Olivine-serpentine; A— Amphibolite; P—Pegmatite; country rock =sericite-schist. 


masses of coarsely foliated chlorite—a clinochlore with very wide optical 
angle. The steatite bed is separated by a thin stratum (1 inch) of black 
mica and one of equal thickness of heavy black hornblende-magnetite rock 
from a dike of granite. 

A small brook runs from. this point west through the woods, down over 
sericite-schist, to the bottom of the valley, where it cuts a great bed of 
peculiar, streaky, black to gray serpentine (SS; bed No. 12), derived from 
a very coarse-grained pyroxenite or sahlite rock, which still shows cleavage 
faces 20-30™ square. This bed seems to have been overlooked before, 
and it is doubtless the source of many of the bowlders found in the south- 
eastern part of the town. 

The old quarry has been opened during the past summer (1895) quite 
extensively with improved machinery. The whole width of the steatite 
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bed has been exposed and a deep trench blasted through the schists to the 
west for drainage. The following section is now exposed (fig. 5, p. 87): 
Commencing at the bottom of the hill to the west, one climbs up 15 rods 
over coarse chloritic sericite-schists abounding in large quartz lenses and 
quartz-filled garnets sometimes an inch across. The schists dip 80° E. 
At 50 feet above the meadow the lower bed of coarse, rudely bedded, black 
serpentinous rock appears (SS). It shows broad, black, lustrous cleavage 
surfaces of much-altered sahlite, and no specimens could be found where 
this mineral was still unchanged, such as were procured in the bed of the 
brook at the former visit. These cleavage surfaces make up the whole 
surface, or are somewhat separated and the interstices filled with white 
calcite and magnetite and shot through with tremolite. 

An analysis of the least-altered forms of this rock, which still retains 
enough of the unaltered sahlite to enable one to make out its optical con- 
stants, gives the complete formula of serpentine, and is interesting as show- 
ing, as do all the other rocks of the series, a constant content of nickel and 
chromium. The analysis was made by Dr. W. F. Hillebrand. 


Analysis of serpentine from Osborn’s soapstone quarry, Blandford, Massachusetts. 
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Next east is a bed, 150 feet thick, of finer-grained chloritic sericite- 
schist, without garnets, and containing a subordinate bed of jet-black, flat- 
bedded amphibolite (A), which is made up almost wholly of shining-black 
needles, the larger porphyritic in a network of the smaller. Eight feet of 
coarse pegmatite are followed by the same thickness of schist, and this by 
12 feet of pegmatite, which is separated by a thin layer of reddish schist 
from the soapstone (8), which is 50 feet thick. On the west border is a 
thick bed of coarse tourmaline in a matted mass of large clinochlore, with a 
6-inch bed of coarse biotite adjacent. The eastern selvage is of coarse 
transverse chlorite in broad plates, which is often crushed to schist. 

The outer sheets of the main soapstone bed are of coarse, matted trem- 
olite, often radiated and plumose, and more or less changed to tale. In the 
eastern portion of the soapstone bed is a 10-inch layer of fine actinolite, and 
at the border these actinolite needles change directly into tremolite: 

The central third of the steatite bed consists of black enstatite- 
serpentine, more or less tremolitic and partly changed to steatite, but still 
quite hard. This is the first bed of this enstatite rock met with, and it 
becomes increasingly important as the series is traced southward. Layers 
of an apple-green serpentine fill fissures in this mass. The superintendent 
informed me that a 2-foot layer of a black amphibolite, exactly like that 
described above, ran through the soapstone parallel with the strike in a part 
of the quarry which was under water. The vein of steatite makes a sharp 
bend of 90° to the east, and bends directly back 90° to the north, and 
along the east side, where the latter bend is effected, the eastern schist 
wraps irregularly over the steatite and around a white albite lens, which is 
enclosed in a thin layer of black, coarse hornblende rock. This bend 
explains the cutting off of the bed of black serpentine mentioned above, 
and shows that beyond this sudden fault-like bend the band is less altered 
to steatite. Indeed, the steatitic alterations may be due to local disturb- 
ance, as the development of serpentine farther north seems to be caused 
by faults. ; 

The next eastern bed is a reddish, quartzose, fine-grained biotite-schist 
150 feet thick. This is followed up the hillside by 150 feet of a massive, dark- 
green serpentine (OS), which at the base shows much half-changed olivine in 
granular masses, separated by a later tremolitic growth, followed by tale, 
all of which is beautifully shown under the microscope. This is the only 
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trace of olivine that has been found west of the river, except the Middlefield. 
pseudomorphs mentioned above. 

A bed of pegmatite a rod wide separates the serpentine from schist, 
which continues up the hill 412 feet to the Griswold house. 


THE GRANVILLE AND RUSSELL ENSTATITE-SERPENTINES. 


From the section north of Borden Brook, in the south of Blandford, 
where the hornblendic complex is made up of several amphibolite beds 
alternating with beds of sericite-schist, the series continues due south into 
Granville, and is for a short distance interrupted by pegmatite, but attains 
in Liberty Hill a thickness of 1,237 feet of clear, black amphibolite without 
interlaminated mica beds. It curves east and then west and retains this 
great width for a mile, and continues southwest as two bands of amphibo- 
lite, each about 15 feet wide. These soon run out southward, and no trace 
of them could be found in the well-exposed bluffs east of West Hartland. 
Where it bends most easterly it contains the heavy bed of steatite (bed 
No. 18) a mile southwest of West Granville, at the bottom of the bluff east 
of E. Williams’s house. Here some work has been done upon a deposit 
of steatite, which has been derived from a bed of fine, radiated tremolite; 
it still retains the structure, and part of it the hardness, of hornblende, and 
therefore the bed is not a promising one to work. Many bowlders of 
the black enstatite-serpentine occur near Mr. Williams’s house, which must 
come from another bed of the rock near at hand, as the two rocks seem to 
be connected genetically, since the tremolite is exactly like that found 
with the serpentine of the next locality. Just after crossing the State line 
and Hubbard Brook the amphibolite band carries a bed of black enstatite- 
serpentine (bed No. 14), of which about 5 or 6 feet is exposed. 

On the southeast flank of Liberty Hill, in West Granville, a branch of the 
amphibolite separates from the main bed, as mentioned above, and, bending 
round sharply, runs north with much diminished thickness, not exceeding 
6 feet, to a point west of East Granville, where it bends north again and 
carries the remarkable bed of enstatite-serpentine (bed No. 15) which occurs 
in a densely wooded swamp 100 rods east of. the house of J. Downey. A 
ridge 20 feet wide and rising 24 feet is exposed for a considerable distance, 
and, as usual, the serpentine is associated with amphibolite. It is a black 
serpentine, made up of crystals an inch square on the end and more than 2 
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inches long, pseudomorph after enstatite, and it carries considerable dolomite 
disseminated, which does not effervesce with HCl. Traced northward a few 
rods it becomes a compact, gray, thin-bedded tremolite-schist, which lies in 
contact with an equally thin-bedded, white crystalline limestone which 
effervesces readily. Southward it is found in many bowlders around the 
cemetery, and here the limestone contains very fine specimens of a rich- 
green actinolite, and it crops out farther south on Trumble Brook. The 
band can be traced north from Downey’s, by the abundant bowlders of the 
black serpentine, to the pasture back of H. Cooley’s. The overlying rock 
in the Cooley pasture is a coarse muscovite-biotite-schist, carrying much 
cyanite in flat, colorless blades 1 to 14 inches long, but 20 feet of covered 
space, possibly occupied by amphibolite, separates it from the serpentine. 
The serpentine bed (bed No. 16) is about 50 feet thick, and is exposed 175 
feet in length. Over the weathered surfaces of the ledge the great enstatite 
crystals project in a close network. These crystals are great plates one- 
half to 1 inch in thickness, 3 to 4 inches wide, and in average 6 inches 
long, while some measure 14 inches in length. They are now changed to 
a dull-black serpentine, but still retain the lustrous enstatite cleavage. In 
the narrow meshes between these large plates is a rather coarse-granular, 
limpid dolomite, dusted with small magnetite octahedra and broad plates 
of colorless to oil-green talc. The band can be traced northwest from this 
point by many large bowlders, and another locality occurs where the rock 
appears in place southwest of the point where ‘Wildcat road” bends south. 
Bowlders of the same rock occur northwest, in the bed of the Westfield 
Little River, at the great bend a mile below ‘Pothole Rock.” From this 
point no traces of the bed have been found along the line of boundary 
drawn across Russell to the Atwater ledge, except where this line crosses a 
little-used road, not on the-map, which runs west from the sharp bend in the 
road a mile above Atwater’s to meet the dotted road. Careful search has 
been made in the intervening, heavily wooded country, and the presence of 
the rock as a continuous band is indicated by the abundant large bowlders 
strewn over the country for miles southeast. The next outcrop is the one 
mentioned above as Atwater’s (bed No. 17), from the extensive exposure in 
the high hill 1 mile N. 30° W. of the house of F. B. Atwater, in the south 
corner of Russell and overlooking the Westfield plain. It was quarried 
quite extensively by Mr. Atwater’s father as “black marble.” The bed is 
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exposed with a width of about 53 feet, when it is cut off by granite. It 
shows distinct foliation, and is bordered on the west by a biotite-hornblende- 
schist, which becomes in places a distinct gneiss. It is a black serpentine 
abounding in the green foliated bastite to which the name marmolite has 
been given. 

THE WESTFIELD SERPENTINE AND MARBLE, 

The next outcrop of the serpentine is south of this point, across the 
Little River, in the western edge of Westfield (bed No. 18). It has been 
opened by the owners, the Westfield Marble and Sandstone Company, and 
reported upon during the last year (1895) by Prof. W. O. Crosby, who 
considers the deposit valuable for verd-antique marble. He reports the 
following section from east to west, with explanations: 


Section in the western edge of Westfield. 


1. Vein of coarse granite (pegmatite)-..-.-....15.22.2225. 10 
2. Soapstone and serpentine, with partings of mica-schist 

and veins of pegMatite mee caw. 2-5. > ne taeee ae 15 to 20 
3. Massive serpentinic marble (verd antique), with large 

CLY Stas ~ —. a. cs -Scee teen eterno te tet a) ayer et ge ae 15 to 20 
4, White marble, with thin layers or ea of serpentinic 

marble . . =:: « 4.2) hae Sees ts = LS id. «c/o eee 15 
5. Banded serpentinic marble, consisting of very thin alter- 

nating layers of white marble and serpentine. ......-. 15 to 20 
6. Shaly serpentine aud marble and banded serpentinic 

marble. . . . . « s.< 2.5 eee eters a 2 o.com 20 
7. Massive black and green serpentine..............-. ... 50 
8. Soapstone and serpentine, concealed...........-...-..- 10 
9. Fibrolitic! mica-schist and gramite.........-.......-., trace. 


The most interesting and valuable bed in this series is the verd-antique marble. 
(No. 3). This is a very solid bed, and of fairly uniform character, considering the 
coarse structure of the marble. The serpentine, which has evidently resulted from 
the alteration of actinolite, is in the form of slender crystals from 1 to 3 inches in 
length, lying at all angles in a matrix of white crystalline limestone. Near the east 
side of the bed the structure is finer and somewhat banded, as in bed No. 5. This 
verd-antique marble is a striking and, so far as I know, unique stone, of ornamental 
character; and I can see no reason why it should not give satisfaction in use. 
Although it would, I am confident, prove serviceable in exterior work, it is to be 
especially recommended for interior work. It is susceptible of a good and lasting 
polish, and this, together with its unique, breccia-like structyre, should insure a 
demand for the stone when it is properly brought before the public. Itis probable 
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that at a somewhat greater depth bed No. 4, which could be very easily worked with 
No. 3, would yield some good white marble. <A part of the banded marble in beds 5 
and 6 is of a decidedly ornamental character and well adapted for some kinds of 
decorative work. 

At the north end of the quarry a dike of granite cuts off the strata, and although 
there are indications that the marble continues beyond it, this has not been proved. 
So far as known, the marble is entirely wanting north of the river. South of the 
quarry the marble beds, although not actually exposed, are quite certainly continuous 
for 200 to 300 feet, when they are again cut off by a mass of granite. 


The quarry, to which I was guided by Professor Crosby, is situated in 
the extreme western part of Westfield, and is reached by leaving the electric 
cars at the crossroads east of the old Atwater place and going three-quarters 
of a mile south, passing two houses south of the Little River bridge, and 
going west by a field road, which runs northwest about a half mile to a 
point 380 feet above the sea and overlooking the valley of Little River. 

The quarry throws much light on the problem of the origin of the 
enstatite beds. It contains three distinct beds of first importance: 

The first, the “black marble,” like that of the old Atwater quarry, is a 
black enstatite rock of coarse grain and wholly massive structure and 
slightly bronzy luster (the enstatite cleavage showing in faces one-half inch 
in width by 2 to 4 inches in length), now in various stages of serpentinous 
change, and mottled with foliated masses of bastite (marmolite), derived 
from the enstatite, which are of high luster and rich apple-green color. 

The second bed is a black spotted marble—a white or grayish, rather 
coarsely crystalline, magnesian limestone—containing much shining tremo- 
lite, effervescing moderately with strong hydrochloric acid, and spotted with 
elongate crystals of the same black altered enstatite, one-quarter to one-half 
inch wide and 2 to 6 inches long. These make a very regular reticulate or 
open network over the prevailing white surface of the marble, forming a 
remarkable rock. At times black squares of the mineral, with lighter and 
less changed centers, are interspersed with the narrower rods, and the latter 
radiate from the centers and sides of these squares with some regularity, 
and connect them into a stellate pattern (see fig. 8, p. 152). Again the 
squares may wholly replace the rods. 

These two beds are of massive structure and furnish large blocks, 
which take a fine polish and promise to be of economic importance. 

The third bed, which connects the other two, is a thin, flat-foliated, 
pale-green to white marble, with films and flat small lenses of pale-green 
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to rich dark oil-green precious serpentine. The surfaces show at times 
narrow bands and squares of serpentine with centers of straw-yellow and 
borders of oil-green color, which form an attractive verd antique, plainly 
the last identifiable stage of the flattened-out enstatites that the rock 
formerly contained. It is further clear that this central portion never 
contained so much enstatite as the border beds. 

The country rock to the west is a coarse muscovite-biotite- schist, au 
few garnets and a great abundance of coarse-bladed gray cyanite, which 
stands out in reticulated surfaces on the weathered slabs and will furnish 
interesting cabinet specimens. They can be obtained in abundance by 
following the path along the serpentine bed south to the first wood road 
and then going up west along the wood road to a prominent ledge on the 
south of the road. 

Here also the foliation faces of the coarse schist contain rounded and 
flattened disks, 1 to 14 inches long, which suggest pebbles. Rarely one 
can be seen by its cleavage to be in part feldspar, but most are a quartz- 
biotite mixture. Also, to the west of the south opening made by the com- 
pany, which is reached by going up a wood road from a miner's shanty, the 
schist shows rounded and somewhat oval, white surface forms, which strongly 
suggest the trace of pebbles, but they are not distinguishable in the midst 
of the coarse schist when it is freshly broken. The rocks stand vertical, 
but I suppose these western schists to be older than the serpentine. The 
cyanite follows the serpentine and amphibolite for many miles across 
Granville, and in Barkhamsted, Connecticut, furnishes the finest cabinet 
specimens. 

The cyanite-schists are succeeded from west to east by the following beds: 


Section at the main mine. 


1. Black enstatite-serpentine.......-..----------------+-+++-+-- 60 
2. Green laminated crystalline limestone. .-.-.-..--.-.---------- 48 
3. White actinolitie marble. .-2.. 22.26. 6... cae see eee ins 3 
4. Black mottled marbles. 22-42} 2632-25 -s Sce Pe eee 30 
5. Tremolitic soapstone. -.....--------------+---- ies Sees ee 8 
6. Coarse muscovite granite ..-....----- .---+-+-+--- eee eee eeee 8 


The eastern country rock is not here ‘exposed, as the high terrace 
eravels cover the area to the east. It is a schist like that on the west, but 
without cyanite. A band of rich-green actinolite three-fourths of an inch 
wide runs across both of the principal bands of the quarry. 
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The soapstone has been worked by the Indians. Half-made pots are 
still to be seen on the surface, and an Indian arrow was found, on blasting, 
12 feet down in a narrow crevice in the limestone. 

To the north of the quarry the bed of granite cuts off the serpentine 
band, but it reappears after an interruption of a rod. 

Followed a few rods south, the western contact of the bed is exposed 
by digging. It is a thick bed of rich-green, coarse-radiated actinolite mixed 
with biotite, and the wall on the left is granite with some plagioclastic fringe 
rock containing biotite and tourmaline. Nearly the whole thickness of the 
bed here is black serpentine, but Professor Crosby pointed out to me a 
continuous valley, generally quite swampy, which may be occupied by the 
limestone and caused by its solution. 

At the southern outcrop mentioned above (and at several other places) 
a black, flat amphibolite accompanies the serpentine on the east, but does not 
seem to be in great force. Here the radiated tremolitic character of the 
soapstone is specially manifest. It forms a heavy bed on the east, followed 
westerly by a thin-foliated verd antique, made of bands of blackish-green 
serpentine and white marble, with about 20 feet of the black serpentine to 
the west before the schist is reached. 

Farther south the rock crops out in the bed of Westfield Little River 
(bed No. 19), and in Westfield (bed No. 20) north of the Granville road, 
near the west border of the New Red sandsone;' south of this road it crops 
out in the hill back of S. Drake’s house (bed No. 21), where it is very coarse- 
grained, exactly like the East Granville locality, and from the weathering 
out of the calcite, which fills the interstices, it is very rough-surfaced; and, 
finally, it is. seen in the bottom (bed No. 22) of Munn’s brook, near the line 
between Granville and Southwick. It is in place where the brook emerges 
from its gorge in the hills. The prevailing rock is a black enstatite-serpen- 
tine; amphibolite is subordinate. The line of strike then carries the bed 
beneath the sands of the Westfield plain and it is not seen farther south. 


FAULTS AND SERPENTINIZATION. 


The great Hoosac fault displaces the rocks a mile on either side of the 
Deerfield River, below its bend at the mouth of the Hoosac Tunnel. It seems 
possible that this fault plane had a determining influence in the great devel- 


1 Hitchcock, Geology of Mass., 1841, p. 159. 
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opment of serpentine from the hornblende-schist bed, since this extensive 
development of serpentine extends north and south from this fissure, and 
the fault perhaps aided the work by bringing to the bed for great depths 
an abundance of water, and. may have further intervened by localizing 
the earthquake forces, which may have shattered the rocks for a distance on 
either side of the fissure, thus aiding the chemical activity of the water. 
The sharp bend of the stream and its long course parallel to the direction 
of the fault show that the fault early controlled the direction of the river, 
and it probably did this because the softened rock was more easily eroded. 


The next large area of serpentine—and these two areas are vastly larger 
than the others—is in Middlefield, in the only other large transverse valley 
in the State. Here, also, I have mapped a fault in the valley bottom, and 
it seems probable that here also the fault may have had something to do 
with the hydration of the hornblende to serpentine, as well as with the 
position of the transverse valley. I have noted also a sharp bend, which 
is almost a fault, at the Osborn quarry. The other serpentine and stea- 
tite deposits are comparatively unimportant in size, or show trace of olivine 
and enstatite. This relation did not attract my attention until the field 
work was ended, or‘other similar coincidences might have been detected. 


PETROGRAPHICAL DESCRIPTION. 
THE AMPHIBOLITES. 


1. Epidotic amphibolite—Blandford; North Blandford road at watering 
trough. Typical jet-black, fissile schist, the shining hornblende needles just 
visible to the eye. Drusy surfaces of epidote and adularia upon fissures. 

Under the microscope the abundant hornblendes appear as broad 
plates with strongest extinction and pleochroism; c>b>a, c—blue-green, 
t—olive, a=yellow. Extinction, 22° 30’. Interspersed everywhere among 
the hornblende needles are abundant grains of pistachio-green epidote. 
There is a sparing groundmass of rounded, untwinned albite grains, show- 
ing positive bisectrix. Magnetite is abundant, but no leucoxene. Rutile 
occurs in the feldspar. 

2. Feldspathic amphibolite.—Blandtord; Osborn’s soapstone quarry, at 
west junction of soapstone bed and granite. (See p.87.) From a thin bed 
of black, very heavy feldspathic amphibolite, 20-30" wide, with fringe of 
coarse, black transverse biotite 10 wide adjoining granite, and therefore 
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carrying orthoclase. With the microscope hornblende in broad plates with 
strongest pleochroism and absorption; c>t>a, c=deep blue, »—deep 
olive, a=straw yellow. Extinction 17° 30’. 

Orthoclase is abundant; plagioclase occurs with extinction 24°. Little 
magnetite and no leucoxene. Epidote is abundant. 

3. Amphibolite-—Chester; cutting near railroad station on the west. 
(See Pl. VI, fig. 4, and p. 160.) A finely banded rock; interrupted sheets 
of white feldspar grains rather distantly placed in ground of jet-black 
hornblende needles of high luster, all parallel to the common direction of 
the stretching. 

Under the microscope, stout, long blades of very deep-green horn- 
blende, with distant basal partings and almost no prismatic cleavage visible, 
show the strongest pleochroism and absorption I have ever seen, the 
formula for which is the same as in the last case. Between the bands of 
these stout blades a coarse, limpid mosaic of plagioclase grains occurs, and 
very little magnetite appears in the slide. The plagioclase is an oligoclase 
with positive bisectrix and extinction at +9° to the trace of the basal 
cleavage on M [010]. 


THE SERPENTINES AND ASSOCIATED MAGNESIAN ROCKS. 


In the long hornblende-serpentine band which stretches across the 
State from Rowe to Granville, looping back in the last town so as to be 
repeated three times in an east-west line, the serpentines and associated 
rocks present a great variety, both as to present status and as to origin, and 
one can distinguish hornblende-serpentines, pyroxene-serpentines, enstatite- 
serpentines, and olivine-serpentines. 

There are associated with these serpentines beds of clinochlore, tremo- 
lite, actinolite, corundum, magnetite, steatite, talc, and, in smaller quantity, 
deweylite, dolomite, magnesite, chromite, chalcedony, picrosmine, diaclasite, 
bastite, and ‘‘pheestine.” 

Of these the first five represent in general the results of other lines of 
change than that which has ended in serpentine, or at times a stage antece- 
dent to the change into the latter mineral. 

The tale and steatite can be traced back to tremolite or actinolite with 
or without the intervention of a serpentine stage, or, the purer talc especially, 


to serpentine of any origin; the secondary dolomite, magnesite, magnetite, 
MON XXIX——7 
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chromite, and chalcedony are surplus products of the serpentinous change. 
Deweylite and picrosmine are, as it were, special varieties of the main pro- 
duct, while diaclasite, bastite, and “‘nheestine” (or marmolite) are derived 
directly from enstatite. Of course remains of original calcite, dolomite, 
magnesite, pyroxene, epidote, and olivine also appear. 


BLADED SERPENTINE; ANTIGORITE- (OR BASTITE-) SERPENTINE. 


1. Serpentine with dolomite.——Rowe, Massachusetts. Large bed at E. 
King’s, east of the tunnel, p. 79. Compact, even-grained, splintery fracture, 
dark-gray, with trace of green on fractured or sawed surface, deep oil-green to 
light apple-green on polished or wetted surface; very translucent in splinters; 
abundant grains of pyrite and magnetite scattered through the mass. Dr. A.J 
Hopkins detected chromium in small amount; for analysis, see p. 116. 

Slides show with pocket lens little magnetite, and preserve a uniform 
pale-green color, even when ground extremely thin. 

Under the microscope is seen a network of interlaced serpentine blades 

of unusual range in size, the smaller elongate, irregularly outlined as usual, 
rhombic, and polarizing with bluish-white color; the larger broad, flat plates, 
with straight, longitudinal cleavage lines, polarizing white of the first order 
at border and deepening to yellow at center, the largest filling quarter of 
the field (x 70) and deepening in color, through yellow to bright magenta. 
These serpentine plates are sometimes arranged radially, showing a black 
cross; at other times they are arranged apparently according to the cleavage 
of a former mineral, and are accompanied by black rod-like microlites in the 
same direction. 
. Another mineral, talc, appears in small veins and broad irregular 
patches, as well as replacing to various depths certain laminze in the broad 
bastite plates. It gives an aggregate polarization in bright, softly blended 
colors, with wavy and sharp zigzag outlines. Leucoxene occurs, surround- 
ing the black ore. Dolomite appears at times in regular rhombohedra, and 
is generally in rounded grains, often with only faint traces of cleavage and 
always without trace of twinning, 

2. Serpentine—Chester. From the large Middlefield-Chester bed, at 
brook-crossing on Chester road near the base of the mass. (See p. 81.) 
Dull-black, with shade of brown; same color when wet; conchoidal fracture; 
massive. 
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With a lens the slide shows patches of separated grains of a yellowish, 
shining mineral, and between these patches run broad veins of the amor- 
phous greenish serpentine and many magnetite grains. 

Under the microscope the broad veins break up into a mass of very 
fine bluish-white blades, and the same lie among and separate the brightly 
polarizing grains, not after the manner of the olivine network, but so that 
the grains seem to be scattered and woven into the mass of needles as for- 
eign bodies, a single needle often lying lengthwise in a crevice between 
grains. They are exactly like the grains of epidote in the epidotic amphibo- 
lites. Large tracts of these grains polarize together and show a single axis 
with rings of color. The colors are also not so bright as olivine usually is, 
and it is probable that the mineral is epidote. 

3. Serpentine—Chester. From the upper portion of the same bed, at 
its south end on Chester-Middlefield road. Rock shows original bedding in 
laminze 20-25™" thick, and fine intricate jointing, the latter structure brought 
out by weathering, while the rock still cleaves along the planes of the first 
structure and shows on these planes a brownish-gray, shining surface and 
a texture that is suggestive of the mica membranes of the sericite-schists 
above, rather than of the hornblerde-schists, in the continuation of which 
it lies. The rock breaks with a harsh, fine-splintery fracture, is of rather 
light greenish-gray color, translucent and mottled with black when wet. 

With lens the section shows, beside the large masses of magnetite, wavy 
lines of fine grains of magnetite 3™™ apart, which run out and are replaced 
by others. These are seen, in sections transverse to the bedding, to be 
determined by the cleavage planes mentioned above, and represent the 
original fine foliation of the rock. 

The mineral shows under the microscope broad bands of fiber set 
transversely, and many large areas of disconnected epidote grains, all 
polarizing together. 

4. Serpentine.-—Chester. From the same bed at the north line of Ches- 
ter, 34 feet from upper surface of serpentine bed and contact of sericite- 
schist. Slaty rock, dark-gray, dull yellowish-green and translucent when 
wet, with reddish-gray sheen on cleavage surface, as if from mica. 

The slide shows no large grains of ore, only fine magnetite dust arranged 
in lines running in various directions, and no unchanged grains of any 
primary crystalline mineral. 
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Under the microscope very fine serpentine needles appear arranged. 
with a certain parallelism over broad surfaces, a structure inherited from the 
foliation; in some places they are larger, arranged irregularly, and, being 
thicker, show bright colors. 

Veins of chrysotile occur, with a certain portion of the transverse 
needles replaced by magnetite. For analysis, see page 116: 

5. Serpentine nodule in talc—Old emery mine, Chester. Light-gray with 
shade of green; pale-green, translucent when wet; very fine-splintery frac- 
ture, producing a whitish surface, as if dusted with fine grains. The slide 
is pale-green, shows large grains of iron ore, and bristles with magnetite dust 
arranged along cleavage lamin. Manyspots of dolomite are visible with lens. 

Under the microscope it is seen to be made up wholly of a network of 
fine serpentine blades, without any arrangement significant of the primary 
mineral from which they were derived. 

6. Serpentine—Chester. Another interesting serpentine occurs at the 
emery mine. A pale apple-green to oil-green rock, translucent, with shin- 
ing luster, and having entirely the aspect of an indurated steatite; H=2.5. 
It breaks into thin, shaly fragments, bounded by wavy, slickensided sur- 
faces, caused by pressure, and resembles deweylite. It has, however, 
specific gravity 2.51, and under the microscope has the structure of a 
platy serpentine and polarizes in white to yellow of the first order, and it is 
decomposed by hydrochloric acid. . 

The serpentines thus far described, with the exception of those from 
the base of the large Middlefield bed, are characterized in greater or less 
degree by the following peculiarities : 

(a) A harsh, splintery fracture. 

(b) Secondary magnetite wanting or unimportant, and where present 
arranged often in long, wavy lines of the original lamination, as proved by 
the cutting of slides at right angles to this lamination visible on weathered 
surfaces of the rock. 

(c) As a consequence of (0), a great degree of translucency in the 
rock when wet or polished, while the succeeding enstatite-serpentines are 
very generally black and opaque when moistened. 

(d) The mass of the rock is made up of distinctly polarizing serpentine 
(antigorite) in bladed crystals, which stand in relation to the splintery 
fracture; and there is lack, at least nearly complete, of an amorphous 
serpentine substance and of chrysotile. 
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(e) The abundant grains of a brightly polarizing, granular mineral 
seem to be sometimes epidote inherited from the amphibolite, sometimes 
titanite formed around grains of. menaccanite which have wholly disap- 
peared, while no trace of olivine can be detected. 

The stratigraphical indications are thus reinforced by the lithological 
study, and the conclusion is rendered probable that these serpentines are in 
large part derived from the amphibolites with which they are associated. 
The lack of any direct proof of the presence of olivine is, however, very 
far from proof that it was wholly absent from these beds. Indeed, this 
mineral is so closely connected with the formation of serpentine in so many 
cases that one may suspect its former presence here, and the observations 
of Kalkowsky* on the presence of olivine in hornblende-schists led me to 
search for it in the schists adjacent to these beds, but without avail. These 
rocks plainly also resemble Von Drasche’s? serpentine-like rocks (now 
called antigorite-serpentines), and can be easily distinguished from the 
olivine-serpentines. I have not, however, found any certain trace of 
diallage in them, and the minerals which are present separate them quite 
distinctly from those described by him. 


OLIVINE- AND ENSTATITE-SERPENTINE, 

7. “Serpentine, Chester.”—XIII, No. 53, Massachusetts Survey Col- 
lection. Rock dull-black, black when wet; many large grains of magne- 
tite. The rock weathers superficially to carbonate. 

With lens the slide is pale-green, and shows the secondary magnetite 
occupying planes of lamination and a fine system of joint planes nearly at 
right angles to these and very regular. 

Under the microscope an olivine network, inclosing in one slide frag- 
ments of unchanged olivine, in another lacking these altogether, runs 
through the slide without being influenced at all by the lamination and 
joint planes mentioned above. 

This network runs through a base of nonpolarizing serpentine. I am 
not able to locate this specimen, but suspect that it comes from the base of 
the large Middlefield-Chester bed, or from the smaller bed upon the top of 
North Mountain. 

Serpentine—The Crater,” North Blandford. The rock of the crater 
is easily distinguished both macroscopically and microscopically from that 


1 Die Gneissformation des Eulengebirges, p 37; Tschermaks mineral. Mittheil., 1871, p. 1. 
? Ueber Serpentin und Serpentiniihnliche Gesteine: Tschermaks mineral. Mittheil., 1871, p. 1. 
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of any other locality in the range. It is dark-gray, scarcely shaded with 
green, spotted full of primary magnetite in large grains, and weathering 
uniformly through light green to fawn color. It is very compact and tough 
and much jointed. A qualitative analysis detects about 1 per cent of chro- 
mium in the specimen from which slides were cut (Dr. A. J. Hopkins). 

With the lens the slide shows no trace of magnetite dust, but is frosted 
all over with shining grains of a yellowish-white crystalline mineral. 

Under the microscope the ground is a confused tangle of bluish-white, 
rhombie needles of extreme fineness, and the shining grains, polarizing 
brightly, are scattered in it so much like foreign grains that I suspected the 
slide to have been badly cleaned of the corundum used in polishing, and cut 
new ones carefully, but with the same result. The mineral polarizes with 
about the brightness of pyroxene; the angular grains are fresh to the edge 
and show no cleavage; some of the larger show a single axis with rings of 
color. It does not gelatinize with hydrochloric acid. For analysis, see 
page 116. 

8. Olivine-serpentine—Osborn’s soapstone quarry, Blandford. Eastern 
bed. (See fig. 5 and page 87.) 

Except one specimen from Chester, whose exact location is not known 
to me (Massachusetts Survey Collection, XIII, No. 53, deseribed on p. 101), 
this is the only bed in the long series of outcrops west of the river which 
contains olivine in abundance. In all the beds hitherto mentioned its occur- 
rence could at best be rendered only probable, though I have little doubt 
that it was formerly present in many cases. In all the beds discussed below 
the absence or rarity of olivine is equally certain, and the derivation of the 
serpentine from pyroxenite or coarse enstatite rock is quite clear. Indeed, 
much of the rock is so little changed that it could be as properly called 
enstatite rock as serpentine. 

The great mass of the rock where freshest is dull-black, opaque when 
wet, with the marked shining, greasy luster characteristic of those serpentines 
which still contain olivine in abundance. It gelatinizes abundantly with 
acid, and the solution contains magnesium and iron, with trace of calcium. 

A layer of surface decomposition of a drab or grayish olive-green color 
and 10-20" thick covers the surface, and is sharply demarcated from the 
black interior. Itis caused largely by the removal of the black ore, and the 
rock within its limits has much more the look of ordinary olivine than in the 
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black center. The weathered layer is distinctly softer, and although the 
change to serpentine is not more advanced than in the interior, the olivine 
fragments polarize much less brilliantly than in the black portion. They 
may be referred to villarsite. 

In both the interior and the weathered crust occur distantly scattered 
spherules, about 10™™ across, of a finely radiated tremolite-asbestos. They 
are not bounded by a true spherical surface outwardly, but long, delicate 
needles, just visible with a strong lens, project far beyond the average sur- 
face. ‘The impression is very strong that these latter are, as it were, feelers 
thrust forward into the mass from a center of alteration. 

Many of the spheres are changed wholly or partly into tale, the change 
starting at the center and following up the other to the periphery, and, 
especially in the outer layer, resulting in the entire change of the spherule 
into tale; and as the steatite bed into which the serpentine grades has the 
same radiated fibrous texture, it has apparently been-derived from the 
latter after the same manner. 

These radiated tufts bear also some resemblance to the radiated asbestos 
zone surrounding the garnets of the Saxon ‘‘garnet-serpentines,” described 
by Dathe,’ though here no garnet center can be observed, and the radiating 
mineral is much coarser than would accord with the description of the 
Saxon occurrence. Indeed, garnet, so abundant in the next higher forma- 
tion, is here curiously absent from the amphibolites and associated rocks 
clear across the State. 

Slides of the freshest black portion of the rock appear under the lens 
to be made up of angular grains of olivine, often quite complete crystals, 
without admixture of anything else except a black ore arranged in rudely 
parallel, interrupted lines. The bleached outer layer shows nothing differ- 
ent, except that the black ore is removed and the whole soaked full of 
iron rust. 

Under the microscope the slides show the finest olivine network; the 
broad meshes of chrysotile are beautifully developed and occupy about a 
third of the area. The olivine is without inclusions, except small chromite 
octahedra, and rarely long series of straight, black needles, which are 
arranged parallel to the vertical axis and at right angles to the length of 
the series with the regularity of a micrometer, except that some lines are 


1 Olivinfels, Serpentin, and Eklogit des sachischen Granulitgebietes: Neues Jahrbuch, 1876, p. 225. 
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prolonged far beyond the others. Highly magnified, they are reddish and 
translucent. In other portions of the slide the characteristic enstatite- 
serpentine occurs, with exactly the structure of fig. 3, Pik 

In the outer, bleached layer the lines of magnetite dust in the suture of 
the chrysotile bands have disappeared and in the form of limonite have 
soaked through the fibrous chrysotile. With further process of change the 
latter loses its fibrous character, and every trace of the origin from olivine 
disappears. At times also the olivine grains here retain their position in 
the chrysotile network and their appearance, but have lost their bright 
colors of polarization. The change of the olivine to tremolite seems to be 
of earlier date, and has often advanced to the replacement of nearly all the 
olivine. It appears to have occurred earlier than and independently of the 
superficial weathering, because the tremolite is found in equal abundance in 
the fresh interior and in the weathered surface. 

Where the olivine is weathered, as in specimens taken from large 
bowlders on the West Granville road, just where the glacial currents would 
carry material from this bed, the specimens are not distinguishable from 
corresponding specimens from the Pelham and Shutesbury beds (see p. 47), 
and I had expected confidently to find the fibrous mineral to be antho- 
- phyllite, and indeed its powder gives fragments which for the most part 
extinguish longitudinally, but at times other fragments extinguish with 
an angle of 11° to 15° to the length, and show a single optical axis placed 
laterally, exactly as in hornblende. 

A cleavage parallel to c P « (100) seems to be unusually well devel- 
oped, and most fragments rest upon it and so extinguish longitudinally, but 
show only one axis, as in hornblende. It is to be noted that this is from a 
unique bed lying east of the main hornblendic band. (See p. 89.) 

9. Pyroxene-serpentine—Lowest bed, near Osborn’s quarry. (Fig. 5, 
p. 87.) The lowest bed at the margin of the north-south brook in the 
woods below Osborn’s quarry attracted my attention immediately as some- 
thing quite unlike any other rock connected with the serpentine series, to 
which it manifestly belonged; indeed, unlike any rock with which I was 
acquainted. 

The weathered surface is for the most part rough and warty, dirty 
white, and covered with shining scales of tale. In some places this 
layer, 5-10™ thick, is covered by a white, powdery layer of magnesite. 
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THIN SECTIONS. 


Fic. 1.—Sahlite changing into tremolite; the latter beginning to change into serpentine. From the 
lower bed at Osborn’s soapstone quarry, Blandford. X47. See pp. 87, 104. 

Fig. 2.—Dolomite changing to serpentine. Granville. X28. See p. 110. ; 

Fic. 3.—Enstatite crystal altered to serpentine, cut parallel to (001). Drawn with polarized light 
and with the light bands placed at 45° to the plane of polarization. x60. See p. 110. 

Fic. 4.—Garnet, with complex border; from pegmatite. Northfield. x14. See p. 328. 
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The interior is a dark oil-green, flecked with white or yellow; opaque 
black when wet, and with peculiar greasy luster reflected from large 
cleavage surfaces, which run through the whole mass. These surfaces reach 
a size of 20 x 40™", have a pearly luster, and are, in many cases where the 
rock is deeply weathered, bleached to an isabella-yellow or changed to 
a white mass like kaolin. They are covered with an acute-angled network 
from a second cleavage, like that of hornblende, but more acute, and a 
satiny sheen runs over the face from the presence of fine tremolite needles, 
arranged parallel to this cleavage and gradually encroaching upon the 
original mineral, which proves upon microscopical study to be sahlite. 
Slices cut parallel to the perfect parting (see fig. 1, Pl. IL), which proves 
to be 0 P (001), show a fine, regular network of tremolite needles, which 
polarize with an obliquity of about 15° and coincide in position with the 
acute cleavage of the original mineral mentioned above. Where this 
secondary tremolite has not come to occupy the whole space the meshes 
are occupied by a colorless sahlite, showing in traces an interrupted pris- 
matic cleavage and a delicate lineation parallel to «2 P ox (100), with traces 
of a second at right angles to this. In the figure this fine lineation is of 
necessity too coarsely represented, it being visible only with high power, 
and it is given specially to show the extent of the unchanged sahlite. The 
latter polarizes with extreme brilliancy, and characteristic sudden changes otf 
tint appear over its surface, arising from the brittleness of the thin laminze 
due to the very easy parting on 0 P (001), which renders it difficult to polish 
it to a true surface. 

The mineral is positive, and the optical axial plane is at right angles 
to the fine lineation—i. e., is in «© P # (010)—and a single axis appears, 
and this plane bisects the acute angle of the tremolite network, which meas- 
ures about 54°. This would make the cleavage, which has determined the 
position of the tremolite fibers, approximate to oo P 3 (120), the counterpart 
of co P 2 (210)—the prism of hornblende when reckoned upon the pyroxene 
axes. An examination of the Bolton (Massachusetts) sahlite shows that dis- 
tinct traces of the same cleavage existed in fresh specimens. Here, as is not 
unusual, it is rendered much more distinct in the process of decomposition. 

In slices cut at right angles to the perfect basal cleavage or parting 
the strong equidistant lines of separation are the marked feature, and these 
lines quite far apart are the seat of most advanced change. 
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The perfect sahlite cleavage is also retained after the change to serpen- 
tine is far advanced, and shines out when the piece is held in a particular 
position as single faces luster-mottled with small opaque spots of serpentine. 
In the process of change, black iron ores in rods and lines of dots appear 
in the interstices of the tremolite needles, as well as in the prismatic and 
pinacoidal cleavage of the sahlite; and after the serpentinous change (which 
commences in the transverse cleavages of the tremolite and advances in a 
network somewhat like that in olivine) has completely transformed the 
whole into a confusedly polarizing mass, the acute-angled network is as 
clearly marked in ordinary light as before by the black lines, and in places 
traces of the rectangular pyroxenic cleavages can also be seen. 

In the most completely changed portions blades of actinolite, either 
later formed than the tremolite or more resistant than it, show marked ple- 
ochroism for so nearly colorless a mineral—pale blue-green to ocher-yellow. 

10. Enstatite-serpentine and steatite.—Hartland, Connecticut, just south 
of the town line, where the road from West Granville to Hartland crosses 
Hubbard Brook. On passing 100 feet up the slope southwest of the bridge 
the black enstatite-serpentine occurs in force. It is of finer grain than the 
other beds to the north, with which it otherwise agrees exactly, and it is 
largely changed to steatite. 

11. Tremolite rock and enstatite-serpentine.—J. Downey, Granville. Fol- 
lowing a wood road east into the densely wooded swamp from a point just 
north of the house of Mr. J. Downey, I came upon a very interesting out- 
crop, which represents the first occurrence of serpentine upon the amphibolite 
band, where, after turning north, it swings around the gneiss of Granville. 

Along east of a band of the common amphibolite there crops out a 
low ridge of limestone, at times quite pure, light-gray, and thin-fissile, 
but taking more and more very fine tremolite into its composition, until 
it comes to be a flat-fissile, pale-green tremolite-schist, almost as fine- 
grained as nephrite, which it somewhat resembles. It polarizes brilliantly, 
has extinction in maximum 27°, and shows a few straight, black microlites 
and a few large grains, also visible to the eye, of a black magnetic ore. It 
gives on analysis only traces of Al,O;, FeO, and CaO, and is an almost pure 
silicate of magnesia. 

South of this there are no exposures for a short distance, and in the 
strike of the tremolite rock rises a great knob of enstatite rock. It is a 
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coarse, ragged rock, made up of crystals of enstatite, often 10 x 6 x 4°™ in 
size; and no other original constituent can be detected except dolomite, 
which is inclosed in large, rounded grains in the freshest enstatite. Indeed, 
in much of the mass the whole is made up of the large, imperfect, interlaced 
prisms. These are thickly coated by a greenish-gray talc-like product of 
decomposition, which also penetrates in thick layers along the perfect cleav- 
age until the whole is changed into bastite and ultimately into tale. Where 
the change is more advanced, great sheets and remnants of the bastite, 
gray-green in color, lie in a mass of black serpentine, or in a mixture of 
this and a yellow dolomite. Often, however, the enstatite rock seems to 
degenerate into a talc-like mass without any trace of serpentine, and the 
masses of black serpentine and dolomite may have originally contained 
some other mineral besides the enstatite, though I could obtain no proof 
of this. 

Under the microscope the enstatite, cut parallel to the perfect cleavage, 
shows in the freshest portions only a few black microlites, but it is much cut 
up by a network of yellow serpentine; and here large octahedra of magne- 
tite appear. With convergent light it polarizes in bright colors, and, of 
course, shows no axes, and on moving the slide spaces are found which 
show the axes as in diaclasite, accompanied with bright colors, and these 
parts are not distinguishable in ordinary light from the unchanged ensta- 
tite. Moving the slide a little farther, one sees the axes as in bastite and in 
paler colors, and in common light these parts have the appearance of ser- 
pentine. The divergence of the optical axes is very small for the bastite, 
certainly less than 30°. Embedded also in the black serpentine are, rarely, 
large scales of a deep-green clinochlore, with divergence of the optical 
angles of about 10°. 

By the roadside near the cemetery, southwest of the last locality, are 
found bowlders of all the varieties of rock mentioned from this outcrop, and 
several others of interest which seem also to come from this place, although 
this can not be made certain. One great mass of limestone is in places 
banded in dull black, from the large amount of magnetite in the limestone. 
It shows also, under the microscope, a large number of fine actinolite needles 
and rarely a grain of coccolite, and this piece is so exactly, in other parts, 
like the tremolitic limestone found in place north of the serpentine knob 
that it is scarcely possible that one can err in assigning to them the same 
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origin. It contains, however, bands several centimeters broad of dark- 


green, matted, fibrous actinolite. 

Associated with this in another large bowlder is an entirely distinct 
limestone, a white, coarse, granular calcite, all the grains showing with the 
lens abundant twin striation, while the limestone~ mentioned above is 
too fine-grained to allow its structure in this respect to be seen, and under 
the microscope it is not twinned at all. It must be calcite, however, as it 
effervesces freely with cold acid. In the limestone now described a distinct 
stratification is effected by the interposition of fibrous masses of emerald- 
ereen actinolite upon the foliation planes, and in the midst of the granular 
calcite fine grains of coccolite and magnetite occur. 

12. “Dolomite-serpentine, Granville.”—XIII, No. 26, Massachusetts Sur- 
vey Collection; Pl. II, fig. 2. This is a black serpentine, containing much 
white to greenish, granular dolomite, and is identical with the bowlders 
described above from near the cemetery in Granville. Remnants of the 
eray-green enstatite in every stage of change to pheestine appear, and prove, 
under the microscope, identical with those described above, and the traces 
of enstatite structure can also be distinctly seen in the completed serpentine. 

The most interesting change here is that of the dolomite into chrysotile, 
many stages of the Eozoon structure being beautifully represented. 

The slide (Pl. II, fig. 2.) shows a network of yellow serpentine, 
amorphous in common light, running through the dolomite and generally 
following the cleavage. The dolomite network appears where the car- 
bonate has wholly disappeared. The dolomite fragments are surrounded by 
a quite broad, dark band, consisting of short, stout rods of the unchanged 
dolomite which project into the serpentine. — 

The dolomite shows exceptional absorption, and this dark band absorbs 
and extinguishes with it. Outside this band the serpentine veins polarize 
with wavy extinction and low colors, and show the most delicate fibrous 
structure, with central suture. 

13. Enstatite-serpentine—H. Cooley, Granville (Pl. H, fig. 3). The 
section cut parallel to the base of the large crystals of enstatite changed into 
serpentine shows a series of bands which appear in pairs separated by a 
narrow line of magnetite. These are the light bands seen in the figure, and 
broad surfaces could have been selected where these bands were more closely 
parallel than in the one drawn. The drawing was made with crossed nicols, 
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and the light bands are placed at 45° to the plane of the instrument. Parallel 
with this plane they are black. They show an extremely fine, transverse, 
fibrous structure. The intervening lens-shaped fields, dark in the drawing, 
are black in this position at 45° when the bands are white; when rotated to 
0° they show white, radiate-fibrous tufts on a black ground of nonpolarizing 
serpentine. 

The deposition of magnetite in certain of the places of perfect cleavage 
was accompanied by the very regular change to fibrous serpentine growing 
out from the planes and forming the white bands. Then the zrowth of 
secondary serpentine between some of these bands has seemingly wedged 
them apart, and given them their curved forms and produced the lenticular 
fields of serpentine. 

14. “Serpentine (bowlder). Blandford.” XIII, No. 11, Massachusetts 
Survey Collection, 1841; No. 880, 1835.—Compact, fresh surface, bluish- 
black, mottled with dull brownish-black; contains much magnetite; is unlike 
any other serpentine known by me from this region, and comes, doubtless, 
from the bowlders noted by Dr. Hitchcock on the east line of the town." 

With the lens the slide is seen to be mottled with large green spots, which 
were doubtless formerly enstatite and which retain its structure, though com- 
pletely changed; and in other spots traces of an olivine network can be made 
out with much probability. The rock is, however, for the most part com- 
pletely changed, and shows everywhere the softly colored polarization of tale. 

15. Enstatite-serpentine—Atwaters, Russell. Following the hornblende 
band northward to the point where it bends round through the southeastern 
corner of Blandford, where I suppose the above specimen No. 11 of the 
Massachusetts Survey Collection was obtained, we come upon the great out- 
crop in the high hill in Russell overlooking the Westfield plain, where many 
years ago the rock was quarried extensively as black marble by Mr. Atwater, 
the father of the present proprietor. 

The black serpentine presents no peculiarities by which it can be dis- 
tinguished microscopically from the other localities in Granville and Russell. 
Because of the deep quarrying the finest specimens can be obtained from 
this place, and the bastite is of a beautiful apple-green color, instead of the 
pale gray seen elsewhere, and was found by Tschermak to have the low 
angle of 30° for the optical axes. 


= = —- = 


1 E. Hitchcock, Geol. Mass., 1841, p. 617. 
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In a considerable number of thin sections the enstatite structure was 
found everywhere strongly marked by broad, distant, granular bands of 
black ore, with very numerous straight, narrow lines made up of rods and 
grains of the same black ore and running at right angles to the broad bands. 
No trace of enstatite could be found unchanged, and the broad apple-green 
plates, which are often quoted as marmolite, from these localities had passed 
for the most part beyond the bastite stage into a network of serpentine 
needles, in which isolated bastite plates still remain. 

Irregular grains and large patches of carbonate, much corroded and 
polarizing with a soft amber color, with faint irised border, occur every- 
where; also miscroscopic veins of satin spar, sometimes insinuated in large 
number between successive plates of the bastite. 

No trace of olivine structure could be discovered in any of the 
slides from this locality; and in the localities described later, where the rock 
is less changed, it could be seen that all of the rock exposed was made up 
of large enstatite crystals so closely apposed that there could have been at 
best only a trace of olivine present; and on the broad cleavage surfaces of 
the enstatite no trace of included olivine grains could be seen. The structure 
in the completed serpentine was everywhere the rectangular network, as 
characteristic of the enstatite-serpentine as the olivine network is of the 
latter mineral. It is beautifully illustrated by Dr. Wadsworth in pl. 7, fig. 
2, of his Lithological Studies,’ from a specimen obtained ‘‘four miles 
from Westfield Center, Westfield, Massachusetts.” This must have come 
from the Atwater ledge, which is just 4 miles west of Westfield village, 
but lies across the line in Russell. As the rock from which the serpentine 
was derived was a nearly or quite pure enstatite rock, Dr. Wadsworth’s 
assignment of it to the peridotites can not be accepted. 

16. “Light-green, compact serpentine.—Russell.” XIII, No. 25, Massa- 
chusetts Survey Collection. This is a superficial layer a few millimeters 
in thickness, which also runs in veins into the black serpentine, and is super- 
ficially covered by a rusty white layer. It is probably from the surface of 
the above bed. It presents under the microscope a tremolitic structure 
throughout—radiated, fibrous, a late stage of the change into serpentine. 

17. ‘‘Serpentine (bowlder).—Russell.” XIII, No. 50, Massachusetts 
Survey Collection. This is certainly an erratic derived from the great bed 


1 Mem. Mus. Comp. Zool. Harvard Coll., Vol. XI, pt. 1, 1884. 
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in Middlefield, and probably found in the valley of the Westfield in the 
north part of Russell. 

18. “Black serpentine, talc, actinolite——Westfield.”. XIII, No. 24, 
Massachusetts Survey Collection. Subgranular, dull black, very little tale, 
derived from enstatite. 

The actinolite mentioned above is in part enstatite partially changed 
to bastite, in part fine radiating tufts of tremolite, green from the back- 
ground of serpentine. The rock is traversed by veins of snow-white, 
fibrous calcite 20-30" long and 2™ wide, with satiny transverse fibers 
and central suture. 

It shows under the microscope large masses of unchanged pyroxene 
with coarse oo P cleavage, and long, black microlites, often crossing each 
other rectangularly in three directions. It changes outwardly into coarse, 
radiated, fibrous tremolite (cleavage 124°), which is altered along prismatic 
and transverse cleavage into serpentine. 

19. “Serpentine and calcite—Westfield.” XIII, Nos. 27, 28, 29, 30, 
Massachusetts Survey Collection. The first two are wanting in the collec- 
tion. No. 29 is a contact piece of dolomite, with light-green and straw- 
colored serpentine running out into it from a mass of oil-green serpentine 
with fine, broad veins of chrysotile and many characteristic eozoonal struc- 
tures. It shows beautifully every stage of the change of dolomite into a 
colorless, almost perfectly amorphous serpentine, showing no needles and 
only faint patches of color with crossed nicols, and in many cases these 
serpentine grains retain perfectly the sgn and the repeated twinning 
planes of the dolomite. 

No. 30 is a white, bedded limestone with distant, thin partings of ser- 
pentine, probably originally an actinolitic limestone. Traces of hornblende 
with extinction 14° could be seen. 

20. “ Massive garnet.— Westfield.” XIII, No. 40, Massachusetts Survey 
Collection —This is a granular mixture of quartz, garnet, and pyroxene, and 
can have been introduced here only as one of the rocks bordering upon 
the Atwater serpentine bed. 

21. “Compact scapolite (?)—Westfield.”. XIII, No. 32, Massachusetts 
Survey Collection—A bluish-white, translucent, partly sparry, partly cryp- 
tocrystalline mass, showing the distinct, very fine, triclinic striation of a 
plagioclase, exactly like that associated with the serpentine at the Chester 


emery mine and at the Pelham asbestos quarry. 
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22. Enstatite-serpentine—W estfield. Prolonging the line of the Atwater 
bed in Russell southward, it is found that many large bowlders occur where 
it crosses the road to Granville, and farther south an immense block lies in 
the woods on the hill back of S. Drake’s house, in the west parish of 
Westfield, which is made up of very large enstatite crystals in every stage 
of change to bastite, and the whole mass is exactly like that described 
above at J. Downey’s, in West Granville. 

Farther south, along Munn’s brook, where it cuts a deep gorge in 
— Sodom Mountain, at the head of the gorge, near the house of H. H. Pur- 
chase, and at the mouth of the same, are many great bowlders of a similar 
black serpentine with large crystals of enstatite changing or changed into 
bastite or white tale. All these occurrences, to this last by Munn’s brook, 
are so similar that a single description of slides cut from the great bowlder 
at H. H. Purchase’s, Granville, may serve for them all, and this occurrence 
is so like that near J. Downey’s, in West Granville, that the description can 
be brief, as I shall note only the important differences. 

Slides of the freshest enstatite show a reddish-yellow color and polarize 
brilliantly. Some of them contain very abundantly the stout, straight 
black rods; in others they are as rare as in the former locality. Magnesite 
in rounded grains and distinct rhombohedra is found abundantly in the 
freshest enstatite, apparently as a primary constituent. A qualitative 
examination determined the absence of calcium. With cold hydrochloric 
acid fragments of the serpentine presented no change; with boiling acid 
there was a long-continued effervescence, and there remained an interlaced 
mass of altered enstative crystals. 

23. “ Diallage in serpentine—Sodom Mountain.” XIII, No. 48, Massa- 
chusetts Survey Collection. The specimen is wanting in the collection at 
Amherst, but it must have come from one of the latter localities along the 
gorge of Munn’s brook, through Sodom Mountain, and must have been an 
enstatite and not a diallage rock, the latter mineral not occurring in the 
serpentine range. 

RESUME. 

In the long line of outcrops from Zoar to North Blandford the serpen- 
tine is’ characterized by deep oil-green colors, marked translucence, and 
freedom from secondary magnetite. It is composed of fine serpentine blades 
mingled with softly irised films of tale, and still contains the scattered grains 
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of highly refractive epidote, which have passed unchanged from the parent 
rock, and often show traces of its stratification. It would seem, then, to have 
been derived from the common epidotic hornblende-schist (amphibolite) 
with which it is associated. In a great number of slides no trace of olivine 
or enstatite, or of the structures characteristic of these minerals, could be 
detected except in the bowlders from Chester (Massachusetts Survey Col- 
lection, XIII, No. 53), whose exact locality can not be determined, and 
those from the base of the large Middlefield bed, from which place the 
Chester bowlder may have come. The presence of so large masses of 
chromite and of nickel requires explanation, and indicates that some parts 
of these beds were once chrysolitic. “The specimen labeled XIII,.No. 43, of 
the Massachusetts Survey Collection, from Chester, probably from the south 
end of the large Middlefield bed, where is an old “mine” of this ore, is a 
mass of chromite 50™™ on a side. Moreover, the discovery that the so-called 
quartz pseudomorphs from the Middlefield bed are serpentine pseudomorphs 
after olivine’ must receive consideration in this connection. They are, how- 
ever, large, perfectly terminated crystals, some of which have broken off from 
the walls of the cavity to which they were attached, and they can not be 
taken as normal idiomorphic constituents of an ultra basic eruptive. They 
are better explained as fissure minerals in a crystalline limestone, like the 
Snarum crystals. 

I conclude, therefore, that nearly all of these serpentines are derived 
from the amphibolites, and find the stratigraphical evidence in this direction 
strengthened by the lithological evidence. 

Osborn’s quarry at Blandford is a dividing point between the trans- 
lucent hornblende-serpentines on the north and the black enstatite-serpen- 
tines on the south. To the east of the central steatite bed, which is 
quarried, is the isolated and unique olivine-serpentine bed; to the west is 
the equally peculiar sahlite-serpentine bed. 

The black serpentine and dolomite mass which forms the center and least 
changed portion of the central steatite bed is the first of a series of such 
deposits which locally replace the amphibolite in its further progress south. 
They are rare and subordinate to amphibolite in the broadened portion of 
the bed across West Granville, but after the bed has bent northward at 
East Granville they increase in relative importance and are associated with 


‘See Bull. U. S. Geol. Survey No. 126, 1895, p. 91. 
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considerable beds of white crystalline limestone, dolomite, and tremolite 
schist, and in the further prolongation of the bed across Russell and West- 
field the enstatite-serpentines and the half-altered beds of very coarse 
enstatite rock associated with great beds of crystalline limestone become 
entirely predominant. The black, fissile amphibolites accompany the ensta- 
tite-serpentine beds to the end. 

The presence of dolomite as an original constituent, both as inclusions 
in the unchanged enstatite and in the interstices of the enstatite rock, as 
well as in great beds, indicates the derivation of the whole series from large 
beds of dolomitic limestone. The subject is summarized on page 147, after 
the description of the emery bed. 

Below is given a table of all the analyses of serpentines known to me 
from this area. The material used in the analyses 1 to 6 was furnished by 
the author, and, excepting 2 and 9, great care was taken to detect all the 
rarer constituents, especially nickel, cobalt, and chromium. 


Analyses of serpentines. 


[Nos. 1, 3, 5,6, and 8, by Mr. George Steiger, in the laboratory of the United States Geological Survey; No. 3, by Miss 
H. P. Cook, instructor in chemistry in Smith College; No. 9, by Prof. C. U. Shepard; No. 2, by Melville, quoted from Dana’s 
Manual, p. 672; Nos. 4,7, and 11, by Dr. W. F. Hillebrand, of the United States Geological Survey.] 


1 2 3 | 4 5 6 £5 8 9 10 11 
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TiQssaccskissieee Done. )|seoes === |~ eee eae None.| None.| None.| None. | Trace. |.-....--- Trace.| None 
AlsOg-ceseetees 1. 86 53 35 1,18 ents 1,16 GIGS rene eer 50 52 
We, 03 -<<<<s.cs 2.75 6. 61 } iy { 3. 44 4. 46 2.81 3. 56 (PA eco oe 6, 04 1.51 
PeQieetcesticate AT | sane wml) alo alee ale | . 3.99 3.14 4,25 1.47 1,15 7.05 1.94 3. 90 
PeSecscee see: (AB boncccucs|onevaese|essces esfounntaee|sbaceca|uee open logit ia eee ee Re ae-Rfcemen ante 
OrsOpseeeene ee OB ila eeacleeeeeeda .39 . 33 38 28 Be Yea ste 33 14 
WNiOQyeseasaremes 08) los cotsinteta| ofataete ae -21 47 17 wD lose cence - 40 23 
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Ga@'2e-ce5 caer G18 Bettesaiod Ce note at 40 | None.| None.| None.| None. |..---.-- None.| None 
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No. 1. Rich, dark-green serpentine. Rowe. Quarry near R. King’s. 

No. 2. Picrolite. Florida. 

No. 3. Straw-yellow, fibrous serpentine, glazed, enveloping olivine pseudomorphs. Middlefield. From the speci- 
men figured in Bull. U. S. Geol. Survey No. 126, Pl. I. 
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No. 4. Normal dark-green, slightly oily serpentine, from the center of the large Middlefield bed, taken from where 
the road crosses the Chester-Middlefield line. 

No. 5. Black-green serpentine, weathering to pale nickel-green, with much chromite. North Blandford. From 
‘“The Crater.” 

No. 6. Gray, splintery serpentine enveloped in tale. Chester. From the east wall of the old mine. 

No. 7. Serpentine from the lower bed at Osborn's quarry, Blandford, which still retains the cleavage of sahlite and 
in places considerable remnants of the mineral. 

No. 8. Enstatite changed to serpentine. Granville. H. Cooley’s. 

No. 9. Black serpentine with bastite. Russell. 

No. 10. Black serpentine containing marmolite (bastite). Russell. Atwater’s quarry. 

No. 11. Slightly altered, nearly colorless enstatite, from Downey’s, in Granville; added for comparison. 


The constant content of nickel, cobalt, and chromium in all these 
analyses where it has been searched for is very interesting and may be 
taken as an indication of the eruptive origin of the whole series, which 
would, however, involve the derivation of large beds of white crystalline 
limestones, both dolomitic and quite purely calcareous, from the same 
basal eruptive rocks. 

THE CHESTER EMERY BED. 


HISTORY OF DISCOVERY AND WORKING OF THE BED. 


Not the least interesting element in the peculiar geology of the west- 
ern part of Chester is the great magnetite-emery bed which lies along the 
upper (eastern) line of junction of the hornblende-schist with the sericite- 
schist and extends from the Westfield (better Agawam) River southward 
nearly to the south line of the town and nearly as far as the great horn- 
blendic band retains its maximum thickness. 

The history of the discovery of this bed has often been told, and 
deserves to be retold. The credit of the discovery and its first announce- 
ment belongs to Dr. C. T. Jackson. I remember how Professor Shepard, 
when taking my college class through the cabinets in 1865, stopped at the 
old State geological collection made by President Hitchcock during his 
survey of Massachusetts, and took down the specimen of magnetite col- 
lected from the Chester bed and pointed out to us the emery which it 
contained, to show us how near Dr. Hitchcock had been to numbering this 
among his many discoveries. Dr. Hitchcock had described several beds of 
magnetite for the first time in his final report." They were located in the 
western part of Chester, in hornblende-schist, and none of them exceeded 
1 foot in width. | 

For the next events in the history of the locality I must have recourse 


1 Geology of Massachusetts, 1844, pp. 194, 612. 
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to the “Biographical Sketch” of Dr. Herman 8S. Lucas, of Chester, inserted 
at the end of the town history of Chester.* From the well-known manner 
in which this book was compiled, and from internal evidence in the sketch 
itself, one is led to attribute to it somewhat of an autobiographical character. 
The paragraphs bearing upon the history of the emery beds are as follows: 


But perhaps the most remarkable event in his career was the discovery of what 
was for some time supposed to be a vast deposit of iron ore in the mountains around 
Chester. This occurred in 1856, and arrangements were at once made for the opening 
and working of the mine; and in the course of about one year 1,200 tons of mineral 
were taken out and transported to the furnaces of Stockbridge, Lenox, and Hudson. 

The financial crisis of 1857 compelled a discontinuance of the business, and it 
was not renewed until 1863. In the last-mentioned year, in company with his brother, 
John EB. Lucas, and Henry D. Wilcox, he resumed the business. A blast furnace and 
forge were erected in Chester and the manufacture of iron was commenced, but the 
ore proved somewhat intractable and the results were not satisfactory. In the mean- 
time the Doctor made a more thorough examination of the mineral, and on the 6th of 
September, 1864, discovered that it contained a large percentage of emery, a mineral 
hitherto nearly unknown in the United States; in fact, this is believed to have been 
its first discovery in America. 

Coming at a time when the country was engaged in a terrible war with internal 
enemies, the discovery was doubly valuable. Heretofore the emery used in this coun- 
try had been imported from the Turkish dominions, and as the English and French 
Goverments had a monopoly of the mines near Smyrna, in Asia Minor, and on the 
Greek island of Naxos, in the archipelago, the United States Government was 
debarred from procuring its necessary supply, except under unusual difficulties. In 
this dilemma the Chester emery was utilized and the Government works were 
supplied from it for a considerable time. 

This mineral had repeatedly been examined by various scientific gentlemen, and 
specimens were placed in the collections at Amherst College and in that made by 
Professor Hitchcock for the State and labeled magnetite. 

In 1868 Dr. Lucas, with Messrs. Charles Alden and H. D. Wilcox, formed what 
was known as the Hampden Emery Company, and erected a mill on the river below 
Chester village for the manufacture of emery. 

In 1874 questions touching the ownership of the mines involved the Doctor in 
litigation, which necessitated a change in his business, and from that time he has 
obtained his mineral mostly from the Turkish mines. 

The Doctor continued in business in his own name until May 1, 1878, when 
Nathan Harwood became associated with him. 

The importance of this discovery is well illustrated by the remark of a great 
English statesman, that “The discovery of an emery mine was of more value than 
that of many gold mines.” 


1 History of the Connecticut in Massachusetts, vol. 2, p. 1064; Lewis H. Evert, Philadelphia, 1879. 
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I think that one may hazard the conjecture that the last sentence in the 
above was quoted from memory, and thus rather imperfectly, from the opening 
sentence of the article cited next below, though there is no other indication 
that the biographer of Dr. Lucas was acquainted with the part taken by Dr. 
Jackson in the discovery of emery at Chester. It will be well, therefore, 
to let the account of the matter given by Dr. Jackson himself follow:! 


It has been said in England that ‘‘a good mine of emery is worth more to a man- 
ufacturing people than many mines of gold.” Such being the case, it affords me great 
pleasure to be able to announce the discovery of an inexhaustible bed of the best 
emery in the world in the middle of the State of Massachusetts, in Chester, Hampden 
County, quite near to the Western Railroad, which, with its ramifications, leads to 
the largest armories and manufactories of metallic articles in this and the adjacent 
States. 

For more than two years the existence of important beds of magnetic iron ore, 
originally discovered by Dr. H. S. Lucas, has been known, and endeavors were made 
by that gentleman to organize a company for the purpose of smelting these ores. In 
consequence of this agitation I was employed by John B. Taft, esq., on the 19th of 
October, 1863, to examine the locality and to make report of my results to him. 

On examination of my specimens of minerals after returning to Boston, and my 
notes for sectional profiles of the rocky strata containing the iron ore, I found that 
the minerals margarite and chloritoid, in talcose, hornblende, and mica slate rocks, 
indicated the occurrence of emery, the association of the rocks and minerals being 
identical with conditions known to exist in the localities of emery in Asia Minor. 

I therefore called the attention of the owners of the property to these facts, and 
directed that search be made for emery, and that every mineral resembling it should 
be sent to me for examination. Little attention was paid to this prediction at the 
time, nor until I had invited Dr. Lucas, who resides in Chester, by personal represen- 
tations and solicitations, to make the required search, the characters of emery being 
fully described to him. 

On his return to Chester he soon learned that the miners were complaining of 
the great hardness of the supposed iron ore, and that no less than forty drills were 
dulled in boring a single hole for blasting. He then sent me pieces of this hard rock, 
in the belief that it was the emery I had predicted. On examination it was found to 
scratch quartz and topaz readily and to have all the properties of emery. A chemical 
analysis proved it to be identical with the emery of Naxos. 

The owners, resident in Boston, being notified of this discovery, went with me to 
the locality on the 11th of October last, when a full exploration of the premises was 
made. There are several large beds of rich magnetic iron ore at this locality, and the 
emery being magnetic (as it always is) has caused it to be mistaken for magnetic iron 
ore, and many tons of it had been smelted with the carbonate of iron and hematite in 


‘Discovery of Emery in Chester, Massachusetts, by Charles T. Jackson, M. D., Geologist and 
State Assayer: Am. Jour. Sci., 2d series, Vol. XXXIX, May, 1865, p. 87. 
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the Berkshire County iron furnaces without a suspicion, notwithstanding its refrac- 
tory nature, that the ore was emery, with only a small admixture of iron ore. 


The mineralogical and geological data of the article are quoted under 
“Emery” in the Mineralogical Lexicon covering the field of this mono- 
graph' and under the general description of the vein (p. 135). The conclu- 
sion of the article is as follows: 


It may be proper to add that John B. Taft, esq., of Boston, in behalf of his 
associates, owners of the emery mine, has the sole management of the business con- 
- nected with the mine. 

I would express my obligations to Mr. J. L. Smith for the valuable information 
contained in his articles on the emery of Asia Minor and on the associated minerals 
of the emery localities published in Vols. X and XI of this journal; also to Dr. H.S. 
Lucas, of Chester, for kind assistance in the field.! 


It seems thus that the veins became known to Dr. Hitchcock between 
1835 and 1841, and that Dr. Lucas, who, as an ardent student of the min- 
eralogy of his native town, was doubtless acquainted with Dr. Hitchcock’s 
published work, examined the beds, became convinced of their economic 
value and began work upon them in 1856. He renewed his work in 1863, 
bat as an iron industry it did not prove profitable, and the property passed 
into the hands of a Boston company represented by Mr. John B. Taft, and 
in which Dr. Lucas was interested. 

Largely, perhaps, on account of the refractory nature of the ore, Dr. 
Jackson was employed to examine the mine, and, relying upon the earlier 
investigations of J. Lawrence Smith, predicted the occurrence of emery 
from the associated minerals and urged Dr. Lucas to search for it. 

In the meantime the miners had practically discovered the emery, 
much to their sorrow, and I have been informed by two who worked in the 
mine at the time that they were well persuaded that the brown mineral was 
what dulled their tools and were accustomed to call it emery. Armed with 
this practical and scientific information, Dr. Lucas investigated the ore anew, 
determined the emery, and sent the specimens to Dr. Jackson, upon which 
he made his mineralogical tests and, most important of all, his chemical 
analyses.” 


‘Bull. U.S. Geol. Survey No. 126, under ‘‘ Corundum.” 

2In a recent report of an interview with Dr. Lucas (Springfield Republican, ‘Another vein of 
corundum,” December 12, 1895) the history of the discovery is repeated much more nearly in 
accordance with the account of the matter I have given than with the biographical sketch quoted 
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This gave rise to the emery mining, and, in 1868, to the formation of 
the Hampden Emery Company, in which Dr. Lucas, Mr. S. A. Bartholomew, 
of Blandford, and Dr. Jackson were interested. A few years later this com- 
pany deeded, in apparent good faith, what they supposed to be the main 
vein, of which they had previously bought the mining right, to the Chester 
Iron Company, afterward the Chester Emery Company, a stock company 
controlled by Mr. James T. Ames, of Chicopee, Massachusetts, of the Ames 
Manufacturing Company. 

The older company deeded “commencing in the middle of the vein of 
iron ore and running at right angles to the same 5 rods, thence parallel to 
the same to its south end, thence 10 rods at right angles to the same, thence 
parallel to the same to the north end, thence 5 rods at right angles to the 
same to the place of beginning, being about 4 acres.” The new company 
went to work upon its purchase, while the old company continued to work 
upon a vein farther west, which it still held. In a short time it was found 
that the new company was working upon a line of bowlders derived doubt- 
less from the true deposit to the west, upon which the old company was 
still working vigorously. 

Thereupon arose an important lawsuit, the Chester Company claiming 
the true vein, while the old company claimed that a blunder had been made 
by all parties, and that the attempt to apply the deed to the western vein 
would give 7 acres instead of 4. After protracted litigation the case was 
decided for the purchasers, and the vein came into the hands of the Chester 
Company and was worked by it, extensive buildings being erected and 
expensive machinery obtained. In 1879 thirty-five men were employed 
and 210 tons of emery were produced, valued at $20,000.! 

The mine was worked apparently without much profit, since in 1883, 
after the death of Mr. Ames, the whole property, said to have cost above 
$80,000, was purchased by Dr. Lucas for a sum reported to be about 
$12,000. 

On the adverse issue of the lawsuit Dr. Lucas had, with customary 
energy, turned his attention to the Naxos emery, and curiously, from the 


above. Dr. Lucas here claims to have discovered the emery in 1864; it is said that the miners 
“could make very little headway against the rocks, which, they told Dr. Lucas, were so hard that 
they could not keep their tools sharp;” that Dr. Jackson told Dr. Lucas that the margarite was 
sometimes found with emery, and “it was this that gave Dr. Lucas his clew.” 

1Hist. Conn. Valley, Vol. II, p. 1063. 
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fact that the crude emery could be entered free while the manufactured 
article was highly taxed, and from the further fact that sailing vessels trading 
with the Mediterranean were compelled to return in ballast and were thus 
willing to deliver the crude emery in New York with little or no charge 
for freight, he was able to create a lucrative industry. Latterly his sup- 
plies have been drawn principally from the Southern States. 

In 1883 no work was in progress except at the north mine, where six 
men were employed, and during the year even this work was stopped. In 
- 1890 the old mine was reopened and has since been worked continuously, 
and the working has reopened the area where the fine diaspore occurs. 
In 1894 an adit was driven into the hill on the north side of the road along 
the eastern wall of the vein. 

In 1865 Prof. C. U. Shepard published a report upon the mine,’ mainly 
mineralogical, but containing notes on the geology of the vein. The report 
was published in such form that it is not now obtainable, and it seems to 
me desirable that it be published in full in this place. 


A DESCRIPTION OF THE EMERY MINE OF CHESTER, HAMPDEN COUNTY, MAss. 
U. S. A., BY CHARLES UPHAM SHEPARD, Massachusetts, professor of Natural 
History in Amherst College. (Printed by Taylor & Francis, Red Lion Court, 
Fleet street, London, 1865.) 


CORRECTION. 


The statement in this report respecting the suggestion of Dr. Lawrence Smith 
was based upon a misapprehension of the facts. 

The whole credit of the emery discovery at Chester is due to Dr. C. T. Jackson, 
who made a personal examination of the locality with reference to the iron ore, and 
from his knowledge of the minerals associated with emery inferred the existence of 
that mineral in this locality and advised an examination for the purpose of ascer- 
taining whether it did not exist there. Dr. Jackson, among other sources from whence 
he had derived information on the general subject, had in his possession the articles of 
Dr. Smith on the emery of Asia Minor and on the associated minerals, published in 
Vols. X and XI of the American Journal of Science. But Dr. Smith had no knowl- 
edge of the Chester mine or minerals until after the published reports of the discovery 
of the emery by Dr. Jackson. 

CHARLES UPHAM SHEPARD. ~ 
Boston, November 7, 1865. 


1A Description of the Emery Mine of Chester, Hampden County, Massachusetts. 16 pages. London, 
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EMERY MINE. 


The discovery of this mine so recently as the autumn of 1864 within the bound- 
aries of the State of Massachusetts, where so much attention has been given to 
- mineralogy and geology, seems somewhat singular; the more so, perhaps, as its occur- 
rence is so near the machine shops and armories in which the consumption of emery 
is very considerable. Among the reasons of its delayed discovery may be adduced 
its situation in a mountainous and thinly inhabited section, which until recently has 
attracted but little scientific or economic notice. Emery, moreover, being itself rich 
in iron and largely associated with magnetic iron ore (magnetite), is extremely liable 
to be confounded with the latter substance, and this was the case with it at Chester, 
whence about 1,000 tons were raised for iron making before its true nature was ascer- 
tained. The discovery would probably have been still longer deferred but for the 
happy suggestion of Prof. J. Lawrence Smith,! that the occurrence of the margarite 
at Chester should iead to a direct search for emery, this mineral being one of the 
invariable concomitants of that highly important substance. This suggestion was at 
once successfully acted upon by Dr. Lucas and N. C. Sawyer, esq. 

The mine is situated nearly in the center of the Green Mountain chain as it 
traverses the western border of the State, at a point not far from halfway between 
the Connecticut and Hudson rivers. It is included in the metamorphic series of rocks, 
here consisting of vast breadths of gneiss and mica-slate, with considerable inter- 
polations of talcose slate and serpentine. The general direction of the stratification 
is N. 20° BH. and S. 20° W., the relation to the horizon varying from vertical to a dip 
of from 75° to 80°, sometimes east, sometimes west. 

The immediate vicinity of the mine presents a succession of lengthened rocky 
swells with rather precipitous sides, having summits between 750 and 1,000 feet above 
the level of the principal streams by which the hills are traversed. The longer axis 
of the elevations generally coincides with the direction of the strata. 

The emery vein traverses in an unbroken line the crests of two of these adjoining 
mountains and scarcely deviates as a whole from the magnetic meridian. Each moun- 
tain is estimated to have a length of 2 miles, thus giving 4 miles extent to the metallif- 
erous stratum, for such it may truly be called, consisting, as it does, so largely of the 
metals iron and aluminium. The Westfield River, here a small stream of about 4 rods 
in width, flows directly across the northern end of the vein, while a branch of the same 
river, having half its size, separates the two mountains and very nearly divides the 
vein into two equal portions. The height of each mountain is estimated at 750 feet. 

The emery vein, whose average width may be taken as 4 feet, is situated near 
the junction of the great gneiss formation constituting the western flank of the | 
mountains, with the mica-slate forming their eastern slope. To speak more exactly, 
however, it lies just within the gneiss, having throughout a layer of this rock from 
4 to 10 feet in thickness for its eastern wall. Nor does the mica-slate advance. quite 
oy to this outside rake of the Aas but, in plage thereof, an extensive intrusion of 


1To Dr. ‘Smith we are indebted for the first scientific survey of ike emery mines of the Grecian 
Archipelago and Asia Minor. 
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the talcose slate occurs, having an average thickness of 20 feet on the South Mountain 
and widening out on the North Mountain to a breadth of nearly 200 feet as it reaches 
the terminus of the vein in the bed of the Westfield River. 

The gneiss, more especially in the vicinity of the vein, is a very peculiar rock. 
It abounds in thick seams of a coarse-grained very black and shining hornblende, 
and where this is not found it is much veined and penetrated by epidote. The 
stratification is much contorted also, and when the surface of the formation happens 
to be weathered or water-worn its basseting edges strikingly resemble in color some 
of the serpentine marbles. It is also noticeable that in it quartz is everywhere 
singularly deficient. Traces of a white calcareous spar (calcite) are now and then 
visible upon the joints of the gneiss, with occasional specks of yellow copper, together , 
with malachite stains, but no corundum, emery, or magnetite particles have thus far 
been detected as constituents of the gneiss itself. It is quite otherwise, however, with 
the talcky rock exterior to the wall of gneiss, for that formation in all its different 
varieties of talcose slate, soapstone, chloritic aggregates (with included seam of 
indianite), talcky dolomite, etc., which together constitute the stratum separating the 
gneiss from the mica-slate, contain here and there disseminated grains of either emery, 
corundum, or magnetite, but, like the gneiss again, are strikingly free from quartz or 
uncombined silica in any of its forms. Indeed, this generally abundant substance is 
altogether wanting, not only in the emery vein, but in the talcose formations consti- 
tuting its eastern boundary. It makes its appearance, however, in abundance in the 
mica-slate as soon as the talcose rocks are passed, showing itself not only as the usual 
constituent of the slate, but in more or Jess continuous seams from a few inches thick 
up to above 6 inches and sometimes a foot in width. Where the seams are thin and 
discontinuous the included masses thin out at each end before disappearing, the sharp 
edges being curved in opposite directions so as to form frequent white patches upon 
the surface of the rock in the shape of the letter S.1 

Corundum and emery (the former consisting of pure alumina and the latter of 
the same earth in combination with the protoxide of iron), have been found hitherto 
almost exclusively in carbonate of lime (marble or saccharoidal limestone), from the 
substance of which as a medium or vehicle free from silica they were precipitated in 
crystals, nodular masses, or veins. Here, however, carbonate of lime is wanting (if we 
except a partial development of impure dolomite in one place at the top of the South 
Mountain); but a parent rock or menstruum for the formation of corundum and emery 
is supplied in a talcose slate series equally deficient in free silica, this being a compound 
which, if coexistent with alumina and protoxide of iron, would seem to be incompatible 
with the formation of either corundum or emery, inasmuch as under the play of the 
ordinary chemical affinities, several very different species would be more likely to result.” 


1 It is in the principal veins of this white quartz that very large crystals of ilmenite (washing- 
tonite) were found at one spot within a mile from the northern end of the vein. 

2 An analogous abeyance of quartz characterizes the aluminous group of the spinels, the occur- 
rence of which is much restricted to limestone and talcose slate; and since alumina is rarely abundant, 
even in granular limestone and talcose slate, we appear to have an explanation of the general scarcity 
of the corundom and spinel species in the mineral kingdom. 
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To complete this general description of the locality it may not be deemed super- 
fluous to add the interesting geological fact that in two places the surface of the 
emery vein (near the summit of each mountain), for a distance of several rods in each 
case, has been deeply grooved and smoothed by glacial action. That the friction pro- 
ducing this effect must have been enormous is apparent from the size and depth of the 
channels, no less than from the initial hardness of the mineral worn away; and that 
it could not have been the result of running water is demonstrated by recurring to 
the example of river action in the Westfield River upon another portion of the same 
vein, where no such smoothing effect has been produced; but in place we have merely 
an eroded, pitted surface from which the coarse crystalline particles of the hard emery 
are left projecting, precisely as garnet and staurotide are seen on merely weathered 
faces of mica-slate. 

Passing now from the geological features of the region we enter upon a brief 
notice of the vein itself and its mineralogical contents. The principal gangue or matrix 
may be said to be chloritoidal. It can not properly be called chlorite slate or even 
chloritic trap, inasmuch as the green chloritoidal mineral it contains is considerably 
removed in character from the species chlorite. This opinion is based not so much 
upon its wanting the color and argillaceous odor of chlorite as upon the consideration 
that where crystallized it is found to be harder and heavier than that mineral and 
further differs from it by containing less magnesia and more alumina and protoxide 
of iron than belong to chlorite. In fact, it is much nearer to corundophilite, a mineral 
thus named by me from its being the almost constant attendant of corundum. It is 
not certain, however, that true chlorite is absolutely wanting in the vein, or at least in 
the contiguous talcose slate, and inasmuch as masonite and ottrelite, varieties of the 
species chloritoid, are often present, I shall generally speak of the gangue or vein stone 
as chloritoidal rock. 


MINERALS IN THE VEIN. 


1. EMERY. 


Not a little confusion has hitherto prevailed as to the mineralogical and chemical 
nature of this substance. A common opinion has been that itis a mechanical mixture 
of corundum and magnetite, while some have imagined it to be a triple compound of 
alumina and tke two oxides of iron. Dr. Jackson, in view of his own analyses of 
emery, conceives it to be a combination only of alumina and the protoxide of iron.! 


He found— 
Chester. Naxos. | 
ily 2. 
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1See Am. Jour. Sci., 2d series, Vol. XX XIX, January, 1865. 
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and he suggested that it be considered a distinct species in place of being included 
as a variety under corundum.! His conclusion would obviously be acquiesced in were 
it not for the strong resemblance in strix and cleavage between the emery and common 
corundum, making it impossible for us to separate the substances crystallographically 
from one another. It would, however, be singular if two minerals differing so widely 
in their other physical qualities should be specifically identical. 

Nothing like a perfect crystal of emery has yet been found at the mine, but it is 
quite remarkable that the mineral is here generally coarsely massive or in large 
separate individuals, often of the size of kernels of Indian corn (maize), whose cleav- 
age is perfect, and which present on their planes the delicate striw so characteristic 
of adamantine spar from the Carnatic. The color, moreover, is perfectly uniform, a 
reddish-brown with a faint coppery luster. Its specific gravity is superior to that of 
corundum by nearly five-tenths, while its power of abrading, as accurately determined 
in the Turkish and Grecian varieties by Dr. J. L. Smith, is less than half that of the 
sapphire, though in all its varieties, and especially that of Chester, its scratching 
power or true hardness is sufficient to scratch topaz. It is constantly magnetic. 

In chemical composition the Chester emery is equally uniform, and in constitu- 
tion may be considered strictly isomorphous with the magnetite, which species indeed 
coexist in the same vein or in closely contiguous offshoots therefrom. Supposing 
alumina to have replaced the peroxide of iron (ferrous acid), we then have instead of 
ferrite of iron (magnetite), the aluminate of the same base (emery), the chemical 
expression of the first being Fe’, that of the second FeAt. 

The composition of emery in 100 parts, being deduced from this formula, gives a 
composition scarcely different from the results of actual analysis. Its percentage of 
metallic iron is therefore a fraction over 29. It hence becomes apparent how natural 
was the mistake of regarding it as an ore of iron. ' 

Several varieties of emery at Chester, growing out of the size of particles, their 

‘mode of aggregation, and mixture of other minerals require to be pointed out. 

(a) Granular emery.—This occurs in flattened grains, from the size of kernels of 
Indian corn down to that of peppercorns, disseminated through corundophilite. The 
grains rarely touch each other and are distributed through the rather open green 
mineral, with their flat faces parallel to the foliation of the gangue. © Hence this 
variety cleaves without difficulty into slaty fragments a few inches in thickness. It 
also breaks crosswise without much difficulty. The pure emery forms from one-half 
to three-fifths the bulk of the aggregate. 


(b) Veined emery.—This variety arises from the occasional contact and partial . 


union of the individuals (by their edges mostly) of the preceding variety. The veins 
are much interrupted and are rarely above half an inch thick. The granular and 
veined varieties sometimes pass into each other. - 

(c) Compact emery.—This variety, though not absolutely compact in the mineral- 
ogical sense, is nevertheless a very close, fine-grained mineral in its structure, the 


1 Should it hereafter be found proper to separate emery from corundum the name of emerite might 
not be an unsuitable designation for the new species.—[SHEPARD. ] 
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particles not exceeding in size those of certain varieties of steel or fine-grained cast 
iron. The fracture is effected with the greatest difficulty, and takes place as readily 
in one direction as another. The surface, moreover, has an exceedingly hard feel. 
Its color is a darker brown than that of the preceding varieties. It also presents in 
some specimens a faint violet-blue tarnish. It has often been mistaken for magnetite, 
though its harshness of feel and very difficult frangibility easily distinguish its masses 
from that ore. It has a tendency to occur throughout the vein in wedge-shaped, con- 
torted masses, aS well as in elliptical balls of all sizes, from a few pounds weight up 
to a hundred pounds. 

(d) Hmery magnetite.—This is a massive magnetite containing a variable intermix- 
ture of emery. It closely resembles magnetite, but it is distinguished by its superior 

hardness, its purplish tarnish, and more difficult frangibility. It does not appear to 
be abundant, though it is often liable to be met with throughout the course of the 
vein. 

(e) Stony emery.—This in general is the chloritoidal rock or substance of the vein 
in places where it is not replaced by one of the preceding varieties. It is a slaty, 
tough, greenish-gray, rather heavy aggregate, containing everywhere fine-grained 
emery in proportions varying between 10 and 20 percent. Other minerals also are 
present occasionally, such as tourmaline, epidote, margarite, ottrelite, magnetite, ete. 
A variety of stony emery in thin, highly contorted, schistose layers enveloping the 
compact emery frequently presents itself. Its color is a delicate greenish white, and 
it is often interlaminated by seams of pinkish margarite—the entire aggregate being, 
nevertheless, rich in emery. 


2. MAGNETITE. 


Next in abundance among the constituents of the vein stands the present species, 
that richest and most precious of all the ores of iron. Its composition being so strictly 
accordant with that of emery, their joint occurrence would, on chemical grounds, be 
looked for almost as a matter of course. Like the emery itself, it here occurs massive, 
thin-veined, granular, and disseminated. The massive variety is found perfectly 
pure and unmixed, having a structure between the coarse-grained (shot ore) of the 
Lake Champlain region and the fine-grained, compact ore of Franconia and Danne- 
mora, Sweden. It sometimes exhibits in the fracture a slightly purplish tint not 
observable in any other magnetite with which I am acquainted. It is also a shade 
blacker than most magnetites. It is wholly free from pyrites and all traces of rust, 
and consequently is bright and fresh in luster throughout. It is magnetic with polar- 
ity, but does not give rise to examples of the native magnet. It presents itself in 
considerable quantity at several places on the course of the vein. For example, at 
the top of the North Mountain it constitutes a continuous seam from 10 to 15 inches 
thick in a chloritoidal vien, itself 4 or 5 feet wide, and made up of the disseminated 
variety, presently to be mentioned. This vein of magnetite forks off from the great 
emery vein on its eastern side at an angle of about 30° and then pursues its course 
between the talcose slate strata, within which it has already been opened for 


128 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


10 or 12 yards, having an easterly dip of 70°; and thence continues for an undeter- 
mined distance, the surface of the ground not yet having been cleared of loose rocks 
and of trees in such a manner as to define its extent. This branch vein has already 
been sunk upon at this spot to a depth of 25 feet. Little or no emery is present. A 
mass of at least 10 tons weight of the massive variety of magnetite lies loose in the 
wood (with which the northern slope of the mountain is covered), 600 feet on the 
direct course of this vein and near to an opening of what seems to be its direct con- 
tinuation. The product of the latter excavation, however, is not the present massive 
variety of ore, but this again occurs in quantity at the opening quite at the summit 
of the South Mountain, forming a part of the great emery vein which there for a dis-— 
tance of several rods widens out to at least 15 feet. It here occurs in a series of 
several more or less interrupted seams, often affording masses 6 or 8 inches thick and 
quite pure, though in immediate proximity to the emery. 

The massive magnetite passes into the thin-veined where the seams are half an 
inch and less in thickness, traversing the corundophilite or chloritoidal mineral, 
among whose particles are frequent chinks or cavities constituting a very fissile 
open rock. When these seams or veins become much broken or interrupted we have 
what may be called the disseminated variety. All three coexist in the same vein and 
often graduate insensibly to each other, the ore itself being in each variety entirely 
identical. 

The stony magnetite exists in other places, and is disseminated in smaller grains 
through a firmer gangue, identical in character with that constituting the stony emery. 
It is well seen at a place above referred to, where a vein has been worked upon 600 
feet to the north of the summit of the North Mountain, and whence 50 tons of ore 
have been raised for the furnace. It here exists in the proportions of 50 to 60 per 
cent throughout the vein, which is 3 feet wide. As the vein is free from emery, it may 
prove to be a prolongation of that bearing magnetite at the top of the mountain. 

Dr. Jackson has detected the presence of titanium in the emery of Chester, ren- 
dering it probable that it will also be found in the accompanying magnetite. Should 
this prove to be the case, it will only be in mere traces, and will probably increase the 
value of the ore for iron making. It is quite certain that all the compounds, both of 
sulphur and phosphorus, are entirely wanting throughout the formation. 


3. CORUNDUM. 


This species consists of the well-known pure anhydrous alumina, and is rare 
even in mines of emery. It is nevertheless occasionally found in those of Turkey, 
occurring in the form of thin seams, small grains (often of a blue color), and rarely in 
crystals diffused through the emery stone. It occurs rarely also at Chester, but thus 
far has been met with only in seams or veins one-half or three-quarters of an inch thick, 
though exhibiting a surface of nearly a square foot. It is grayish white, highly crys- 
talline, like that from the Carnatic. The seams occur in the granular and compact 
emery. 


THE CHESTER EMERY BED. 129 


4, DIASPORE. 


This is hydrated alumina, perhaps the most strictly characteristic accompani- 
ment of emery in the Grecian Archipelago and Turkey. It occurs at Chester precisely 
as in those regions, viz, in needle-shaped crystals and bladed masses, chiefly upon 
the cross joints of the emery blocks, though sometimes embedded (in compressed round 
masses) quite within its substance. It is generally colorless, though sometimes of a 
pinkish or violet tint. Perfect crystals of the usual form are not wanting where the 
usual open spaces exist in the masses. Crystals also of corundophilite and very rarely 
of brookite are found embedded in it. 


5. MARGARITE. 


Scarcely less characteristic of emery, and also of corundum, is the present mineral, 
a species whose general aspect suggests that of mica, from which it differs in possess- 
ing a greater hardness and a lower dose of silica with a corresponding increase of 
alumina added to an almost total absence of either of the alkalis... The margarite 
presents itself frequently and with a richness of crystallization and color nowhere else 
known. Itis always in near proximity to the purest masses of emery—sometimes 
traversing it in veins, at others coating, more or less perfectly, large and small rounded 
masses of it with layers an inch or more in thickness. The laminz of the margarite 
are arranged transversely in respect to the direction of the seams, i. e., they stand at 
right angles to the walls of the veins. Sometimes an open space exists in the middle 
of the margarite seam, when the mineral exhibits very rarely regularly terminated 
crystals with which also crystals of corundophilite are associated. Emery grains are 
likewise to be detected everywhere among the margarite. Its color is almost univer- 
sally of a pinkish tint. In a few instances, however, where it occurs in detached 
scales mixed up with a yellowish epidote in the massive emery, it assumes a grayish 
color and might be mistaken for ordinary mica, a species which I have nowhere 
recognized in the formation. 


6. OTTRELITE (MASONITE, CHLORITOID). 


This species belongs to the same mineralogical group as the preceding, but 
differs from it in many physical properties no less than in chemical composition. It 
is in disseminated scales of a blackish-green color, whose breadth is rarely more than 
a quarter of an inch. They present considerable resemblance to mica where seen on 
weathered surfaces of the vein or on open joints of the rock, but are easily distin- 
guished by their greater hardness and want of elasticity. It is chiefly confined to the 
stony emery. In composition it differs considerably from the margarite, having above 
20 per cent of protoxide of iron, together with 6 per cent of water, and stands in relation 
to mica somewhat as emery does to corundum. 


‘This nonalkaline feature of the contents of the vein, together also with the paucity of silica, 
seem to be essential conditions of all the emery veins. It is curious to remark how completely all 
the other micas, as well as the feldspars, with the exception of the indianite, itself not abundant, are 
excluded from the formation. : 


9 


MON XXIx 


130 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


7. CORUNDOPHILITE. 


The present mineral has not yet been fully analyzed. An imperfect examination 
made of a few grains of it found along with the sapphire of Buncombe, North Carolina, 
lead to the conclusion that, like ottrelite, it is a silicate of alumina and protoxide of 
iron, but with little lime and magnesia. Des Cloizeaux has described it as one of the 
micaceous minerals, but it rather appears to belong to the clinochlore group. Its 
crystallization is near to mica and its hardness is between 2 and 3. Its laminz 
are inelastic and almost brittle. In color and in the arrangement of its particles, 
even when giving rise ‘to a slate, as it often does, it does not resemble the well-known 
mineral chlorite. It is of all others the most abundant gangue mineral of the purer 
varieties of both emery and magnetite. 


8. INDIANITE. 


Exterior to its vein, on its eastern side and a few feet within the talcose slate, 
at a place on the South Mountain near the smaller Westfield River, runs a layer or 
stratum from 6 inches to 2 feet in thickness, called by the workmen “the fringe rock.” 
It consists of a soft, columnar mineral, but it is difficult to say whether it is chlorite or 
corundophilite, or whether it may not be a mechanical mixture of the two. The 
columns or fibers, if such they can be called, are perpendicular to the sides of the 
vein and are made up of superimposed scales of the mineral. The columns have been 
rendered tortuous and wavy by lateral pressure. Through the middle of this stratum 
runs, with occasional interruptions, a vein of indianite varying from 2 to 10 inches in 
thickness. The mineral is massive, finely granular, of a yellowish color, and contains 
grains of corundum, whereby it is easily capable of scratching quartz. 


9. TOURMALINE. 


This is also a highly prevalent mineral throughout the entire course of the vein, 
though perhaps most abundant on the North Mountain. It is more frequent near the 
sides of the vein, though at some places it is interlaminated through its entire mass, 
showing itself on the cleavage surfaces. The crystals are often several inches long 
and from one-fifth to three-fourths of an inch in diameter, being arranged in fascic- 
ular and radiating groups with their longer axes conforming to the stratification of 
the rock. The crystals are usually six-sided prisms with smooth surfaces, but always 
lacking regular terminations. Their color is brownish black. 


10. EPIDOTE. 


Though not abundant, it is nevertheless frequently observed, especially in the 
vein on both sides of the smaller Westfield River, near the mill. It is in light 
yellowish-green crystals, 1 or 2 inches long by one-eighth to one-fifth of an inch in 
diameter, the crystals being arranged parallel to the lamination of the vein and being 
often associated with grayish scales of margarite, ottrelite, and with emery. A beau- 
tiful radiated pistachio-green epidote, accompanied by diaspore, has also been observed 
in the same vicinity coating the cross joints of the vein rock. 
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11. WASHINGTONITE (ILMENITE),. 


This species is rarely met with in black foliated, much-curved laminx betwixt 
the double seams of margarite. On the whole, however, its occurrence is very limited 
compared with that in the adjoining mica-slate, to which reference has already been 


made. 
12. BROOKITE. 


Only a few crystals of this rare titanic acid have thus far been noticed, and 
these were found in close connection with diaspore. 


13. CHALCOPYRITE (YELLOW COPPER ORE). 


But few grains of this ore have been seen. It was found, like the washingtonite, 
in margarite, and also upon the joints of the gneiss near the emery vein—in the 
latter case attended sometimes by stains of malachite. 

The foregoing are all the species thus far found as proper to the vein, with the 
exception of two apparently rare instances—one in small brown and copper-colored 
prisms somewhat resembling tyrite, the other in orange-colored specks (slightly 
decomposed) upon the joints of the emery, and sometimes disseminated through the 
chlorital gangue, both of which await examination. 

Outside of the vein with the talcose slate, besides the sparsely diffused grains 
of emery and magnetite, a greenish-white laminar talc in thin seams occurs sometimes, 
penetrated by a greenish yellow actinolite. But the most important mineral economic- 
ally is that modification of the talcose slate recognized under considerable variations 
of character as soapstone. It is here found in immense quantity at several points on 
the course of the vein, but nowhere, perhaps, in a more promising condition for being 
wrought than near the works upon the South Mountain. It here quarries with much 
facility in virtue of the natural joints by which it comes out in blocks of from 4 to 6 
feet superficially, with a thickness of at least 1 foot, often 2 or more feet. It has the 
further recommendation of being free from those foreign minerals so frequently 
interfering with its easy division into slabs in the process of sawing. 

It is a point of some importance to notice the correspondence between the 
minerals enumerated in this paper and those described by Prof. J. Lawrence Smith in 
his report! as occurring at the Turkish and Grecian localities of emery. He concludes 
his account of these with the following observations : “1 do not risk much in saying 
that the hydrate of alumina (diaspore), as well as the silicates emerylite (margarite), 
chloritoid, and tourmaline, and the ores of iron (magnetite) and titaniferous iron 
(ilmenite), will be found almost everywhere with the emery and corundum.” 

It will also occur to the chemical geologist and mineralogist that we are now 
furnished with an explanation of the unfrequency of the corundum and spinel families 
of minerals, since their formation presupposes the existence of alumina, not only in 
excess, but attended by the absence of silica; while for the formation of emery there 


1See Am. Jour. Sci., 2d series, Vol. XI, January, 1851. 
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is demanded the same unusual chemical conditions, accompanied by the abundant 
presence of protoxide of iron. 

The contrast between the conditions of emery at the only two regions of its 
known occurrence grows out of the difference in the parent rock or originating 
formation. It is saccharoidal limestone (white marble) in Asia and talcose slate in 
America; for although the emery vein at Chester is situated just within the limits 
of the gneiss, it can scarcely be doubted, since the emery and magnetite are both 
found in the slate and neither in the gneiss, that these minerals originated in the 
former at a period, of course, when the strata were horizontal and the talcose slate 
was uppermost. 

CONCLUSION. 


The preceding statements afford the fullest view I am able to present of the 
emery mine at Chester as the result of several days of diligent examination of 
the locality and surrounding region. The vein, though fully traced and secured by 
its present proprietors for the distance of,4 miles, has not been opened except at 
comparatively few points; but the workings have been sufficiently extensive to demon- 
strate the perfectly inexhaustible supply of the emery, not to say also of the magnetite 
and soapstone. The vein, moreover, following as it does the crests of two precipitous 
mountains, and holding a vertical position with a width of 3 to 5 feet within well 
defined walls throughout, presents facilities for exploration that must be obvious to 
everyone. Experience has not yet been sufficient to determine what will be the cost 
of raising either the emery or the magnetite; but it may be stated that many hun- 
dred tons of both have been mined at a cost not exceeding $2 per ton, and it is 
confidently believed that, when the most advantageous localities for working have 
been decided upon, a reduction of this charge may be effected. The fact that the mine 
is capable of being worked for generations without incurring the smallest expense in 
freeing it from water is a consideration of much importance; while a further advan- 
tage to the property arises from the fact that the smaller Westfield River bisects the 
vein midway of {ts length where the North and South Mountains come together. 
Already valuable use is made of this water power in extensive mills here erected for 
crushing the emery and splitting the soapstone, and a further use may be made of the 
same stream for the erection of iron works to any extent desired. 

The Albany and Boston Railroad passes within a quarter of a mile of these 
mills—the road from there to the depot being level, or at most having only the descent 
of the stream. The distance (going east) to Springfield, on the Connecticut River, is 
30 miles, and the road to that place is crossed at Westfield, two-thirds of the way 
thither, by a north-and-south road, whereby the coast at New Haven can be struck at 
a distance of 62 miles, thus affording by the Hudson River another connection with 
New York City, as well as the entire region of the West. Indeed, it is easy for any- 
one, with a map of the United States before him, to assure himself that the Chester 
mine is situated at the very focus of our system of railroad communication, as well as 
of the manufacturing industry of the country. 
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The quantity of manufactured emery at present annually consumed in the 
United States is over 1,000 tons, and the consumption is rapidly on theincrease. This 
supply has hitherto been derived in part from London and partly from Alden’s 
manufactory at Ashland, near Framingham, Massachusetts, which establishment has 
imported the crude stone direct from Smyrna, though itis now beginning to derive its 
material from Chester. 

The estimation in which the American product is held is sufficently vouched for 
in the following certificates, coming as they do from sources of the highest respecta- 
bility. The letters are addressed to J. B. Taft, esq., of Boston, who is trustee for the 
parties in interest to the property: 


OFFICE OF MASTER ARMORER, U. 8S. ARMORY, 
Springfield, Massachusetts, November 16, 1864. 
Deak Sir: The samples of emery sent here for trial have been tested and decided to be super- 
excellent. The test has been made without the slightest knowledge of its character by either Mr. 
Chamberlain or the men. 
The Nos. 46 and 70 are not of the right grade, but the evenness of all the numbers and their 
cutting qualities can not be equaled by any Turkish or American emery. 
Yours, truly, 
(Signed) E. S. Aun, M. A. 
JOHN B. Tart, Esq. 


Boston, MASSACHUSETTS, December 1, 1864. 

We are very much pleased with the emery you left with us to try. We find it far superior to 
anything we have heretofore used. We have bought the best that we could possibly find for years, 
without regard to price, and we find by actual experiment that yours will do one-third more work 
than the best London emery. We have made a very careful experiment, and can give a more partic- 
ular report if necessary. If you can supply us with the fine grades to compare with the samples left, 
you can have all our orders as soon as we use what stock we have on hand. 


Very respectfully. 
ae (Signed) HassaM Bros., 


Makers of Fine Cutlery and Surgical Instruments, 146 Washington Street, Boston. 
JouN B. Tart, Esq. 


CHICOPEE, April 20, 1865. 
DEAR Sir: The two packages of emery, as samples, Nos. 46 and 70, were received and trie¢@—the 
46 on a lead wheel for cutting out grooves of blades and the 70 on a leather-covered wheel for shaping 
the large grooves of saber blades. Either test requires good emery to do the work successfully. We 
had not the means of making a comparative test, but the best thing I can say for it is that the work- 
men would use no other kind if they could have emery like the sample. This is of the very best quality 
we have had an opportunity to use. 
Yours, very truly, (Signed) JAs. T. AMEs. 
J. B. Ta¥Ft, Esq. 


MILLING SHop, April 25, 1865. 
Sir: The following is a report on the relative qualities of American and English emery, No. 70, 
as tested in this department. We have given it three different trials. The number of wheels set 
with emery at each trial was 12, 6 with American and 6 with English. The wheels used for the first 
trial were reversed for second trial, those being set with English emery in second trial that were used 
with American in first trial, and vice versa. 
You will please notice the work as performed by different men with the same emery. 
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Tests of American and English emery. 


First trial. Second trial. Third trial. 
Workmen. Wheels. | Bayonets. | Wheels. | Bayonets. | Wheels. Bayonets. 
Am. | Eng.| Am. | Eng.| Am. | Eng.| Am. | Eng.| Am. | Eng.| Am. | Eng. 
adh. Wades -e-eedeys 2 2 38 18 2 2 23 25 2 2 35 36 
MoDldnid gee eee 2 2 45 24 2 2 31 52 2 2 32 47 
H. Hi. Foster... 2.142. 2 2 24 25 2 2 33 42 2 2 68 55 
otal suhos peace 6 | 6 |107 | | 6 | 6 | 8 jai9°| 6 | 6 | 196 | 138 
RECAPITULATION. 
Whole 
: Bayonets 
Recapitulation. geared oe polished. 
American: 2.052 534258- the iaene bbe Heiss serge dane se eee 18 328 
English: s...600.0.15-5 vooceecsasso see see Ree no eee 18 329 
Yours, respectfully, 
(Signed) W. G. CHAMBERLAIN, Foreman. 
[Indorsement.] 
Respectfully referred to Mr. Taft for his information. 
(Signed) T. T. S. Lamwiey, Major of Ordnance. 


U.S. ARMORY, SPRINGFIELD MILLING SHOP, April 27, 1865. 
Sir: The following is a report on the result of an experiment made in this department on 
American and English emery, No. 70: ‘ 


Butt plates. Bayonets. 
Tangs 
No.of. | of butt | No.of | Bayonet! wo, of Bayonet | 


wheels. | plates | wheels. polished. wheels. polished. 


polished. 
American be.2b sds S4iscee Se ee 4 256 5 223 5 253 
Pin gushis.s a s.u te roche on eee eae eee 4 211 5 225 5 | 250 


A quantity of Nos. 80 and 90 American emery is desirable for further experiments. 


Very respectfully, 
(Signed) W. G. CHAMBERLAIN, Foreman. 


[Indorsement.}] 


Respectfully forwarded to Mr. Taft for his information. Several workmen this morning asked 
for the American emery to put on their wheels. This is the best indication of its quality. Please 


send as soon as possible some of Nos. 80 and 90. 
; (Signed) T. T. S. LamwLey, Major of Ordnance. 
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There would appear to be one quality in the Chester emery particularly recom- 
mending it over the Asiatic variety. It is this, the foreign emery is liable to oxida- 
tion, while the American is not, it remaining bright and clean after being moistened 
and exposed to air. The damage by oxidation is not only a partial loss of hardness, 
but the coating of the particles by rust interferes materially with their adhesion to 
the wheel; consequently a wheel charged with the American emery best retains its 
charge and accomplishes the most abrasion. That this is a well-ascertained difference 
between the substances from the two localities is apparent from the invariably rusted 
appearance of the crude stone coming from the East, whereas the produce of the 
Chester mine and even the loose stones lying about the vicinity betray not the 
slightest tendency to oxidation. I am informed also by Mr. Alden, the emery manu- 
facturer at Framingham, that he has long been aware of a 2 per cent gain in weight 
to his manufactured Naxos emery—an increase which under the circumstances may 
fairly be ascribed to the fixation of atmospheric oxygen in the production of iron 
rust. It is singular, indeed, that the same mineral, though from different localities, 
should not exhibit the same phenomenon when subjected to similar conditions; but 
numerous examples of other minerals are familiar to the mineralogists, presenting the 
same capricious instability of constitution. ~ 

London, 21 Norfolk street, Strand, 1865. 


GENERAL DESCRIPTION. 


The Westfield River (the Agawam) runs east across the strike until, 
entering the northwest corner of Chester, it swings round the north end 
of the broad hornblende band already described, forming the boundary 
between this and the Middlefield serpentine, and running south through 
the township nearly with the strike, it occupies a somewhat wider valley, 
im which is the village of Chester. This valley is excavated in the softer 
sericite-schists, and the greater durability of the vertical hornblende-schists 
(amphibolite) finds expression in the sharp ridge of the North Mountain— 
or Gobble Hill, as it is called with less euphony by the inhabitants—which, 
seen from north or south, rises like a tower and is a prominent landmark. 
A small brook coming in from the west in a deep, narrow valley separates 
it from the South Mountain, which rises to greater height, but is more 
rounded and falls away southward to the common level of the high ground 
in Blandford. 

The great height of these hills, about 750 feet above the village, 1,583 
and 1,797 feet above the sea, is due, as said above, to the amphibolite 
band, and to the south, where this breaks up into several beds intercalated 
with sericite-schist, the ground falls off. 
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Starting at the north end of the great amphibolite bed and at or near 
its Junction with the sericite-schist on the east—that is, I suppose, its former 
upper surface—the first exposure of the emery, and the most interesting one 
offered for study at present, occurs in a ledge projecting into the Agawam 
River on its left bank near the most northerly railroad bridge over the river 
in Chester, north of L. Otis’s house. 

Fig. 6 represents this reef, which projects into the river, where the 
wear of high water keeps a fresh surface suitable for study. 

The country rock is an epidotic 
amphibolite (a), contorted and thin- 
laminated. The tortuous lines in the 
drawing represent the foliation, and 
along the western side of the principal 
vein, so far as it retains its greater 
thickness, the laminze bend around, often 
quite sharply, so as to end abruptly 
against the emery vein, the lamination 
being at times continued through the 
“fringe rock” (¢). On the west of 
the narrowed portion of the vein, as 
well as along the whole eastern side 
of the same, the lamination of the 
schist accommodates itself quite accu- 


Fic. 6.—Map of emery veins in epidote-amphibolite at rately to the irregular boundary of 
north end of bed on the bank of the Westfield River, Ches- the vein. 
“telat ie oe ee and pire sire Around the smaller vein to the 
east the structure of the schist is still 
more complex, and in part, especially in the small mass which is wholly 
inclosed in the vein, the lamination is entirely obliterated, and filaments 
from the vein are spun out into the schist until they become as thin as a 
knife blade. 

A heavy vein of white quartz (d) runs parallel to the main vein in its 
contracted portion, at a distance from it of 1 to 2 feet, and bunches out 
several times to a width of a foot or more. 

The emery vein (b) where it comes out from the bank is scarcely a 
foot wide and is growing thinner. It expands northerly, at first quite 


CO) 7 24FEET. 
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suddenly and then more gradually, to 12 feet, and appears again in the 
river in an isolated rock with a somewhat greater width. 

The customary ‘fringe rock” (c) borders the vein on both sides from 
an inch to a foot wide, the width being rudely proportioned to the width of 
the emery vein. It is a soft schist, made up wholly of biotite. 

The emery vein is a chloritic magnetite containing in abundance 
bronze-colored grains of emery, and, along the borders of the thicker portion 
of the main vein and of the eastern vein, a considerable quantity of brown- 
black tourmaline in delicate stellate forms (e). 

This extreme contortion of the amphibolite is rare in the region, and I 
may call to mind that, following the line of strike across the river from this 
point, one comes directly upon the line of junction of the serpentine (which 
has replaced the amphibolite) and the sericite-schist, and that the latter is 
also contorted to an equally extreme degree. 

From the outcrop upon the river bank one follows the vein southward 
up through a notch in the mountain, where, about 800 feet south, it has been 
opened and some iron ore taken out, and then up along the eastern slope 
of the mountain, just under the crest, to the new mine, about a mile north 
of the village, where alone work was in progress in 1883. 

The part of the vein rich in emery was about 1 to 3 feet wide where I 
saw it, and the corundum was regularly disseminated porphyritically in 
rich bronze-colored crystals 5-15™ across, affording a very rich ore. The 
soft, green chloritic “fringe rock” was developed in great force and cuts 
the emery bed in the bottom of. the opening as a heavy horizontal 
cross-vein. It was filled with bright fresh cubes of pyrite and crystals of 
tourmaline 10-30™" long and 2-3™ in diameter, which were all reeular 
hexagonal prisms, with rather dull unstriated sides. They are often radiated 
and fasciculate. 

With a lens slides of the rock show wavy bands of a pale-salmon color, 
which alternate with bands and lenticular patches of bright green. The 
former are very fine fibrous, and show the aggregate polarization of tale. 
The latter is in coarser scales, often radiate, and they polarize from green to 
black. They have low absorption and pleochroism: ¢=pale blue-green; 
h=same; «=bright yellow; extinction inclined 8° from the cleavage, 

Magnetite is abundant; also deep-brown grains of chromite, the former 
often interlaminated with chlorite. The tourmaline is in sharp hexagons; 
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@=black, «=deep prussian-blue, with black border. Sharply refringent 
grains of titanite, with dark border surrounding them, occur in the chlorite. 
The opening was otherwise poor in the usual accessory minerals of the vein, 
only traces of margarite occurring. Here also a branch vein runs off to 
the east and the mica-schist is greatly contorted. 

Going south toward the old mine in the valley, one passes, about a 
third of the way on, the large abandoned Sackett mine, opened about 50 
feet on the vein, which is here about 12 feet wide and has been extensively 
worked for magnetite. The thin “fringe rock” can be seen attached to the 
hornblende-schist on the west wall of the opening over a broad surface. 
In the magnetite only a limited amount of emery is visible, and no other 
minerals could be found. Dr. Jackson says: 

On the North Mountain the emery is more largely crystalline and less mixed with 
magnetic iron; it is more like corundum, but still contains the combined protoxyd of 
iron, characteristic of true emery. 

Three large beds of rich magnetic iron ore, distinct from the ore accompanying 
the emery, occur, the ore yielding 544 per cent of metallic iron. This ore is mined 


and is smelted into bar iron by forge fires, and is also sold to mix with the hematites 
and carbonates of iron at the Lenox and Stockbridge furnaces. 


The next opening on the vein is at the foot of North Mountain, north 
of the Becket road and directly opposite to the main works. (See fig. 7, 
p. 141.) Here, at the head of a small ravine, an adit was driven in 500 
feet during 1893, and brought out a great quantity of the fringe rock, filled 
with beautiful rosettes of the hexagonal tourmaline. Of the further con- 
tinuation of the vein across the brook and up the north face of South 
Mountain Dr. Jackson writes as follows: 


The principal bed of emery is seen at the immediate base of the South Mountain, 
where it is 4 feet wide and cuts through the mountain near its summit at an angle of 
70° inclination, or dip, to the eastward. Its course is N. 20° E., S. 20° W., and its 
known extent 4 miles. Near the summit of the mountain the bed expands to more 
than 10 feet in width, and in some places is even 17 feet wide. 

The alternations of rock in two sections are as follows, beginning to the eastward 
[that is, at the top|: 

1. a, Mica-slate; b, 15 feet soapstone or talcose rock; ¢, 2 feet crystallized tale; 
d, talcose slate; e,1 foot granular quartz; f, chlorite slate; g, 4 feet emery; h, chloritoid 
and margarite; i, magnetic iron ore; j, hornblende rock highly crystalline. 

2. a, Mica-slate; b, 6 feet magnetic iron ore; ¢, talcose slate; d, 64 feet magnetic 
iron ore; ¢é, chloric slate; f, hornblende rock, crystallized; g, 7 feet emery, chloritoid, 
and margarite; h, magnetic iron ore; 7, hornblende rock. 
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The elevation of the upper outcrop of this bed above the immediate base of the 
mountain is 750 feet. There are remarkable rounded masses of pure emery 3 feet in 
diameter in this bed entirely invested with a coat of rose-colored margarite and a 
thick layer of bright green chloritoid, the investing coat being from half an inch to 2 
inches in thickness. It is found extremely difficult to break up these masses of solid 
emery, drilling holes in them being very slow and laborious, and no grip can be had 
on their rounded sides by the sledge. A heavy drop hammer will be required to break 
them to pieces, or they may be cracked by fire if heat does not injure the emery. 

The first of the two sections given by Dr. Jackson and quoted above 
refers to the old mine on the brook between the two mountains. 

The tale on the east has a thickness of from 5 to 15 feet. Much of 
it is very pure, lightish-green, schistose tale. Much of it also carries dis- 
seminated dolomite, often removed and leaving rusty holes. In places it is 
a dark leek-green, compact tale. 

Scattered through the tale are remnants, up to a foot in diameter, of 
the serpentine from which the tale has doubtless been derived. These 
nodules are rounded and pass outwardly by gradual transition into the tale, 
and veins of the latter mineral also penetrate the serpentine. Large masses of 
foliated tale could be obtained pure, but of inferior color—a very pale green. 

The next band upon Dr. Jackson’s section, ‘chlorite slate,” is the usual 
chloritic or corundophilitic “fringe rock,” which is here specially well 
developed upon the eastern side (where it contains the oligoclase bed next 
described) as well as upon the western. 

The corundophilite, in plates often 20™ broad, is placed with consid- 
erable regularity at right angles to its planes of contact with the oligoclase 
in layers which reach 40™ thickness on each side of the latter. It often pen- 
etrates the emery vein in sheets, filling fissures, and thus often inclosing on 
all sides blocks of the ore, and in cracks not wholly filled develops excellent 
crystals, upon which rest margarite in the finest foliated sheets and diaspore 
in thick masses of interlaced blades and in separate crystals of great per- 
fection associated with fine needles of rutile. The corundophilite is further 
disseminated more or less through the mass of the magnetite-emery aggre- 
gate, and where this aggregate lessens in quantity its place is taken by a 
white to pink colored granular margarite, forming a schistose rock, for which 
Professor Shepard proposes the name corundophilite-schist.t 

Where the corundophilite wholly disappears there results an interesting 


1Am. Jour. Sci., 2d series, Vol. XLVI, 1868, p. 257. © 
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stratum of white to reddish, fine-grained, saccharoidal oligoclase, which was 

very pure and very persistent, although nowhere reaching great thickness. 
Prof. C. U. Shepard first called this mineral a ‘‘rose-colored amphodelite 

associated with the diaspore,”’* and later described the bed in question: 


A vein of indianite many inches thick is found near the tunnel on the South 
Mountain, running for many rods through the chloritic rock on the east side of the 
emery vein (exterior to the gneissoid wall). Small particles of crystalline corundum 
are diffused through the indianite.” 


In his report he adds only that it is 2 to 10 inches thick, massive, fine- 
granular, yellowish.’ 
In a second report Dr. C. T. Jackson writes: 


The portion of the rock originally mistaken by me for granular quartzite, and 
called indianite by Shepard, proves on analysis to be andesine, although it is harder 
than stated in the books, scratching quartz crystal readily. It is very compact, fine- 
granular in texture, and has G=2.586, H=7.5, the color slightly greenish white. I 
obtained for its composition: 


Sig s5.ce, soe ted oie oe eatera tee tere See eas tee ere tars 62. 00 60. 00 

ALjOg 60. soos oc Co 5 Lp OS ee nen poe ene ese | 24, 40 25. 00 

CaO ieee seine eee e Sete ce ye Se ane ee Ba0 tale cases Se 

MgO) ..2.0 s5se ooh ee eee eae ee tee eae eer O70 oeeee eee 

NaQ wud = xe feceee ex ee ia ect eee tecte nie aes tenes ec ee ea Ban Meseaeeeece 

HO". oe {heeded Seen vot Ree ee cee ee ee 1, OO Mies seeer oo 
| 99. 67 85. 00 


In No. 2 there was a trace of oxide of iron not weighable. 


This fringed feldspar bed can not now be observed at the mine, nor can 
specimens of it be obtained there. Fortunately a large mass, representing 
the whole thickness of the bed, with the green fringe rock attached on both 
sides, is preserved in the geological collection at Amherst. It is a gift of 
Mr. J. T. Ames. The feldspar is 12 inches wide and the green fringe rock 
3 and 4 inches wide on the two sides, respectively. 


1Am. Jour. Sci., 2d series, Vol. XL, 1865, p. 112. 
2Tbid., p. 123. 
3 Report Chester Emery Mine, 1868, p. 11. 
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A study of thin slides of the rock is given in Bulletin 126 of the 
United States Geological Survey, under “Oligoclase.” 

The width of the emery bed is given as 4 feet by Dr. Jackson in his 
first article quoted above; in his second? he writes: 

The emery vein enlarges as it goes in, and from 4 feet has already widened to 7 
feet 8 inches of solid emery of the best quality. The adit is now extended 260 feet. 

In a limited portion of the working in the lowest shaft (see fig. 7, 
below) the rock carries diaspore in large quantity and of the finest color, 
especially the isolated crystals resting in open fissures upon and partly 
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inclosed in crystals of corundophilite and shot through and overgrown with 
delicate needles of rutile; and radiated crystals of epidote and rarely of 
brookite* were of exceptional beauty, both of form and color. The diaspore 
presented square prisms 25-30™ in length, finely terminated, of rich violet- 
tinted hair-brown color. It occurs also in compressed, rounded masses quite 
within the substance of the emery.® 

I am indebted to Mr. Judson Thomas, superintendent of the emery 


1Am, Jour. Sci., 2d series, Vol. XLII, 1866, p. 107. 
?Shepard’s Report Emery Mine, 1865, p. 12. 
8Ibid, 1865. 
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mine, for a section of the underground work at the old mine south of the 
mill, and a plan of the new opening directly opposite and north of the brook. 
(See fig. 7.) It will be seen that the magnetite-emery vein is not contin- 
uous, but lies in separate lenticular masses or chimneys—“‘pots,” as they 
are locally called. 

Southerly the outcrop of the emery bed rises rapidly to the top of 
South Mountain and has been opened at several points. About 650 feet 
south of the point where the road to the Melvin mine crosses the bed an 
opening shows chloritic magnetite, without visible emery and talc, with 
brown spar on the east, proving that the talcose stratum is very persistent. 

At the Melvin mine, the most southerly point to which the bed has been 
traced, the ore has been removed in an open working about 130 feet on the 
strike and 35 to 40 feet in depth, to the full width of the bed, which is 64 
feet wide at the north end and opens out for a distance of 33 feet to a width 
of 16 feet, and then contracts again southward to a width of nearly 10 feet. 

The ore is mostly a chloritic magnetite with few accessory minerals, 
margarite of rare beauty being the only interesting occurrence. A little 
tourmaline is present. The epidotic amphibolite appears in a thin band on 
the east of the emery bed, separating it from the sericite-schist farther east, 
and on the west the same amphibolite adjoins the bed and makes up the 
whole western half of the mountain. 

The soft chloritic “fringe rock” bounds the ore for a distance and then 
runs behind a layer of hornblende 24 inches thick. Farther south, at the 
Bartholomew soapstone quarry in the north of Blandford, and at the 
Osborn soapstone quarry, the same chloritic ‘‘fringe rock” occurs, and at 
the latter place, adjoining the main soapstone bed on the west, a layer of 
magnetite about 1 inch thick occurs, which I thought at one time to contain 
emery, but I was not able to confirm this on further investigation. 

Taking, however, the known limits of the bed, there is “in sight” a 
very great quantity of magnetite and emery—extending a length of about 
4 miles and a depth of about 750 feet above the water level of the brook, 
and having an estimated average thickness of 4 feet. Nevertheless, it must 
be admitted that the exploitation of the deposit has been of much more 
scientific than pecuniary profit, and that it has not realized the sanguine 
expectations of the early promoters. 
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ASSOCIATION AND PARAGENESIS OF THE MINERALS OF THE, EMERY VEIN. 


The magnetite, which, when pure, is very fine-grained, compact- 
massive, with peculiar purple tint, becomes mixed with emery in gradually 
increasing proportions—the ‘‘emery-magnetite” of Professor Shepard’s 
classification. The emery increases until a harsh, rough-surfaced mass is 
formed, in which the coppery-brown corundum crystals are abundantly 
disseminated, like the feldspar in a porphyry. There is also a passage, 
by the gradual increase of the corundophilite from the magnetite, into the 
‘“corundophilite-schist” of Professor Shepard. The thin sections of the 
latter rock show, however, no corundum, but abundant octahedra of mag- 
netite, and I have been unable to convince myself of the existence of 
anything corresponding to the “stony emery” of Professor Shepard. Also 
thin sections of the “fringe rock” show only magnetite. The pure mag- 
netite is at times beautifully jointed. In one piece three systems of joints, 
about 20™™ apart, break up the mass into rhombohedra with about the 
angles of calcite, and the parts are slightly slipped on each other and 
recemented. Further, quite large irregular cavities in the chloritic mag- 
netite have fine blades of the corundophilite prolonged freely into them 
from the mass of the rock. 

In another mass the “compact emery” is brecciated; angular pieces 
about 30-50" across are separated 20-30™ from each other and the 
interspace is filled with fine, sealy corundophilite. In other cases, as men- 
tioned by Dr. Jackson, large rounded masses of the tough emery are 
wrapped around on all sides by a schistose aggregate of corundophilite 
and margarite. 

Again, as mentioned above, a great cross vein of the compact chlorite 
rock, carrying much tourmaline and pyrite, cuts directly across the vein at 
the north mine. 

In one piece the light-pink and green schist is firmly joined to a mass 
of magnetite, with its lamin at right angles to the plane of junction. 

In many cavities and open cross-joint fissures the surface is covered 
by a thick layer—separated from the subjacent rock by a distinct suture, 
and plainly of later formation under circumstances different from those 
described above—of large, stout, six-sided crystals of corundophilite, all 
placed with their vertical axes parallel to the surface, but taking any 
direction in this plane, and terminated above by black striated faces of the 
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prismatic zone. Delicate needles of bright-red rutile penetrate this crust 
or rest upon it. Broad, warped sheets of menaccanite also are implanted in 
or planted upon the corundophilite, while epidote, margarite, and diaspore, 
though generally somewhat intermingled with the chloritic basal layer, 
find their principal development later. The epidote, which is rare, fills 
cavities with an open network of yellowish-green needles. The diaspore, 
in the limited portion of the vein in which it was found, sometimes filled 
fissures 50-60" across with a mass of pink blades irregularly arranged. 

The margarite, while it sometimes rests on and in the chloritic layer, 
with its base parallel to the surface, more commonly arranges itself in com- 
pact masses of broad plates at right angles to the surface of the joint plane, 
and rests on the chlorite, and two such sheets often meet in the center of the 
fissure with a central suture, and this fills the whole cavity. The “fringe 
rock,” generally a compact corundophilite with abundant radiating hexagonal 
prisms of brown-black tourmaline, belongs to this second stage. 

Calcite is sometimes found between the diaspore and the corundoph- 
ilite, though its most abundant development occurs later, and menaccanite 
occurs also in the central suture, between the seams of margarite, in much 
curved laminz. Chalcopyrite is noted by Professor Shepard in margarite, 
and brookite embedded in diaspore. Parallel with this second stage in its 
earlier portion, or perhaps even earlier, may be placed the rare secondary 
veins of grayish-white corundum, which reach a thickness in the magnetite 
of 15-20™" and show single cleavage faces across the whole width of the 
vein. I have not found these so associated with other minerals as to exactly 
fix their age. Other veins in the compact magnetite, 5-10" wide, appear 
at first sight to be almost entirely calcite, but on dissolving this away the 
following paragenesis appears: 

(1) Corundophilite resting on the magnetite, 1-4™™ wide, in tapering 
hexagonal crystals, mingled with (2) rutile in its upper portion. The rutile 
in long, hair-brown, shining, striated needles, often bent and twisted, often 
sagenite-like, in groups of deeply grooved needles. This is followed by (3) 
a layer of corundum, partly colorless, partly a most beautiful sapphire-blue 
or pale pink, crystallized in flat plates, which are very acute rhombohedra, 
with one pair of faces developed greatly in excess of the others, as is 
indicated by the fact that, laid on the broadest face, the ring system appears, 
with convergent polarized light, very eccentrically placed. This layer 
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reaches a thickness of 12™. This is at times followed by (4) disapore, 
which crystallizes around the blades of corundum. 

In some veins the whole series is closed (5) by an abundant develop- 
ment of margarite; in others by a layer of calcite (6), up into which the 
thin, knife-like blades of the corundum project, graphic-granite-like, and 
on etching away the calcite delicate parallel threads of the corundum 
appear, with blades of corundophilite attached to them or floating freely 
in the calcite, as well as a beautiful lacework of rutile needles crossing at 
60° and 120°. It is in these veins that the corundophilite changes into 
the pale-green amesite of Shepard. 

Another vein, 15™™" across, shows the following interesting paragenesis 
beginning with the walls of corundophilite-schist on either side: 


Millimeters. 

(a) A thin, silvery layer of margarodite in transverse plates.... 0.5 

(OeCom Pact UIC Otc: aa eats i teh ik eels esac secs cue 5.0 

(c) Bright flesh-colored plagioclase (oligoclase)................ 2.0 

(ad) Mixture of last with fibrous crystalline epidote ............ 7.0 
(e) Transparent square plates of diaspore in pockets along the 

COUT AM SUDULO = etre etre oe tee pen om a a SS 3.0 


A third generation of minerals, plainly of much later origin, closes 
the series. This consists of layers of specular iron (/) in small rosettes of 
bright scales, upon which aragonite (g) occurs in rosettes of long, thick 
blades, 35—-40™™ across, in small tufts, and in thick, granular, sugary, white 
crusts, with some pyrite and chalcopyrite, and finally the whole is often 
covered with a layer (h) of small wine-colored rhombohedra of calcite, § R 
and films of malachite. 


r) 


It seems to me most probable that the emery-magnetite vein was 
originally a deposit of limonite which was formed by the replacement of 
limestone, and into which, as in the Berkshire County limonites, alumina 
was carried by infiltrating solutions and deposited as allophane and gibbsite. 
The subsequent metamorphism of the bed, although it may well have been 
intimately connected with the extremely violent mechanical forces to which 
the strata have been subjected, was largely completed before these forces 
had ceased their activity, as is shown by the jointing and brecciation of 
the magnetite and emery, and by this metamorphism were formed magnetite 
and corundum, and, so far as silica sufficed, the very basic corundophilite 
(SiO, 24, Al,O, 25.9, FeO 14.8, MeO 22.7, H,O 11.9). The heavy stratum 
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of magnesian rocks which covers the emery bed seems to have been the 
source of the magnesia in this mineral. The less altered ferruginous 
limestone below was changed into the epidotic amphibolite. 

While thus magnetite, emery, and corundophilite form the first genera- 
tion of minerals of the bed, the latter mineral continued to be formed or 
reformed in the abundant fissures produced by the continued intestinal 
movements of the mass, cementing the breccias and forming thick cross- 
veins with a fine-grained chloritic mass, at times closely resembling an 
aphanitic hornblende rock, and in this form abundantly associated with 
tourmalines (always in regular six-sided prisms), with epidote and pyrite. 
In a third and more quiet stadium the corundophilite formed incrusting 
layers upon the free surfaces of fissures, made up often of congeries of 
broad, vertical plates terminated above in well-defined faces, and associated 
with rutile, brookite, menaccanite, calcite, diaspore, margarite, and epidote. 

This stadium is closely parallel to the customary secondary fissure 
deposits of the associated rocks, especially the hornblende-schists, which 
consist usually of prochlorite, menaccanite, rutile, calcite, and epidote, and 
is peculiar only in the substitution of corundophilite for the ordinary 
chlorite and in the presence of the satellites of emery, diaspore, and 
margarite. 

The fourth and final stadium in the development of the minerals of 
the vein seems to be quite distinct from and later than the preceding and 
to indicate the presence of steam or heated and gradually cooling waters in a 
new set of fissures which cut across the older diaspore-margarite veins, and 
thus prove the later appearance of the new series of minerals. The suc- 
cession—specular iron, aragonite, calcite—clearly indicates at first steam or 
hot water for the formation of the first and second, and a transition to cooler 
water for the formation of the last. The sudden appearance of the calcic 
carbonate in corisiderable abundance is also interesting. Calcium is wholly 
wanting in the first and second stadia defined above. A trace of calcite 
and epidote in small amount, together with margarite, represents altogether 
but a small quantity of this element in the third stadium, while here the 
carbonate makes up the greater portion of the new series and may have 
been introduced from without, possibly set free by decomposition of the 
hornblende in its change into serpentine. 
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RESUME OF PARAGENESIS. 


1. Limonite, gibbsite, allophane. 

2. Magnetite, emery, disseminated corundophilite. 

3. Corundophilite in veins, tourmaline, pyrite, epidote, corundum in 
veins, oligoclase. 

4. Corundophilite in incrusting layers, diaspore, margarite, rutile, 
_ epidote, chalcopyrite, menaccanite. 

5. Diaspore, margarite, menaccanite, brookite, calcite. 

6. Specular iron, aragonite, calcite, malachite. 

GENERAL EXPLANATION AND CORRELATION OF THE CHESTER AMPHIBOLITE 
SERIES. 

I desire to bring together here the reasons which lead me to conclude 
that this series was originally a more or less impure ferruginous dolomitic 
limestone, and to consider also the residual facts which favor the opinion 
that these rocks were derived from basic and ultrabasic eruptives. 

I have attempted to trace the enstatite-serpentine and the limestone beds 
of the southern part of the range back from their present to their earliest 
clearly demonstrable condition, in a series of sections following, which 
have special application to the newly opened and most interesting quarry 
of the Westfield Marble Company (see page 92), but which are equally 
true of all the range north to Blandford. 


ORIGINAL CONDITION OF THE ENSTATITE-SERPENTINE AND LIMESTONE COMPLEX. 


1. The steatitization—The alteration of the abundant tremolite beds, 
or those of actinolite which do not contain a large per cent of iron, to tale 
is common and easily understood. This is the latest change of the beds 
concerned, except simple solution of the limestones and the coating of 
fissures with iron rust. 

The fibrous-radiate structure of nearly all the steatite beds may be 
assumed to be proof that they are altered tremolite and actinolite beds. 

There has often been an intermediate serpentine stage, and serpentine 
of all kinds has changed into tale. This is sometimes a very modern 
change. I have observed cases where it was in considerable part post- 
Glacial. 

2. The serpentinization—The alteration of the magnesian mineral 
enstatite, as well as of the olivine, pyroxene, dolomite, and actinolite, into 
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serpentine is also a process not requiring special consideration at this place, 
as it has been demonstrated in a preceding chapter that the serpentine still 
contains traces of unchanged enstatite, or of the other original mineral in 
the case of the corresponding serpentine. The bastite formation in the 
black rock is a part of the same process. 

3. The tremolitization—The alterations by hydration mentioned above 


were subsequent to the change of the limestone at the Westfield quarry, . 


for several feet inward on its eastern margin, into a quite pure, matted and 
radiated tremolite, and subsequent to the partial change of the whole thick- 
ness of the limestone bed into the same tremolite, which is later than the 
formation of the enstatite, since its needles end against the enstatite crystals. 

The band of actinolite which cuts across the main quarry, and the 
broad actinolite selvage on the west wall farther south, in the same way cut 
across both limestone and enstatite, and are plainly of later formation, 
nearly contemporaneous with the tremolite, and formed, like it, by the 
action of heated siliceous solutions, here ferruginous and there not, which 
have been infiltrated from the schistose walls. The same alteration appears 
at many places farther north in the limestone. On the Alderman place in 
Becket there has just been uncovered a wall of pre-Cambrian limestone, 
where the limestone, for about the same distance in, is changed in the 
same way into a mass of matted tremolite fibers. 

4. The shearing—The peculiar bed at the quarry, and .the one which 
promises to be of the most economic importance, is the central band of the 
foliated serpentine marble, which seems to me plainly formed by the shear- 
ing of a rock like the black spotted marble forming now the eastern band. 
The former enstatite has been wholly changed to serpentine, often to an oil- 
green precious serpentine, but every stage of the change can be seen, from 
that in which the black enstatite is crushed into black bands between layers 
of limestone, only a few bronzy cleavage surfaces remaining, to that in 
which the long, narrow bands and spots of the rich green serpentine, with 
their lighter centers, are the last remnants of the black serpentinized ensta- 
tites with their gray centers. 

5. The formation of the enstatite—The bed is thus traced back to a con- 
dition when it consisted of about a hundred feet of a white crystalline 
limestone mottled with enstatite crystals, and an adjoining bed to the west, 
60 feet thick, of a massive rock consisting almost wholly of the same coarse 
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crystals of enstatite, of about the same size and proportions, and with, as 
the result proved, the same tendency to serpentinization. I may say that 
transverse sections of crystals, from both the massive and the implanted 
forms, show the prismatic and two pinacoidal cleavages of enstatite, marked 
with great regularity by bands of black magnetite dust, even when the 
whole mass is completely changed to serpentine. 

(a) The formation of the enstatite in the limestone is not due to 
dynamic metamorphism. 

A shearing of the central band of limestone, which has promoted the 
complete destruction of the enstatite and caused the thin foliation, is very 
manifest. No one can, however, examine a cubical block of the black 
mottled marble, where the long rods of enstatite run in all directions 
without crushing, bending, faulting, or fibrous development, and avoid the 
conclusion that the mass was free from internal movements during and since 
their formation. The same must be true of the coarse enstatite rock, found 
elsewhere, made up of long interlaced crystals. They must, then, have 
been formed since the erection of the beds into their present vextical posi- 
tion and during their penetration by the abundant granite dikes which cut 
them. 

(b) The development of enstatite in the limestone, and of the cyanite 
in the schists, coincides geographically with the spread of the great granite 
batholites. | 

The Chester series—amphibolites, serpentines, pyroxenites, enstatite 
rock, serpentinic and dolomitic limestones, and steatites—can be traced from 
the Hoosac Tunnel across the State, and in great loops across Granville, to 
its disappearance south of Munn’s brook. The granitic intrusions extend 
westward across Granville and Blandford, and are wanting in the neighbor- 
hood of the band farther north. Where they are present the intenser met- 
amorphism of the schists is indicated by their coarser crystallization, the 
lack of sericite, and the great abundance of cyanite, which of all the purely 
aluminous silicates indicates the strongest metamorphic agencies. 

The development of enstatite in the limestone is also coincident with 
the presence of the granite, and represents a stronger metamorphism of the 
dolomite dependent upon its influence, and the most northerly appearance 
of the enstatite and coarse pyroxenite is at Osborn’s quarry in Blandford, 
just where the western boundary of the granitic area leaves the line of the 
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Chester series to run northeast. North of this point the rocks of the series 
cease to be influenced by the granitic metamorphism which followed the 
dynamic metamorphism in the rocks farther southeast, and consist entirely 
of amphibolites, partly altered to serpentines, and tremolites changed to 
steatite, while the inclosing feldspathic rocks change at the same place into 
sericite-schists. 

(c) The enstatite of the black serpentine west of the limestone and 
that in the limestone must have had the same origin. 

The two occurrences are identical in physical peculiarities, size, shape, 
cleavage, luster, and tendency to serpentinization, and under the microscope 
I find no difference in them. There is no more reason for giving them a 
different explanation than in the case of the separate wernerite crystals in 
the Bolton limestone and the massive wernerite rock which forms ‘the 
border of the crystalline limestone on the granite, or the white pyroxenes 
scattered in the Canaan limestone and the compact canaanite into which 
it graduates, or the bladed tremolite regularly disseminated in the Lee 
marble and the compact tremolite rock which is associated with it. 

In all these cases it is recognized that the bladed crystals have grown 
in the limestone much as the bladed cyanites have grown in the quartzose 
mica-schist adjacent to our serpentine, and that the only further assumption 
needed to explain the corresponding massive rocks is that the silicate has 
in each case replaced all the carbonate, or that the solutions which brought 
the silica into the limestone have removed the surplus of the carbonate. It 
seems to me that the natural explanation here is that the massive enstatite 
rock is simply the result of carrying the process which has formed the 
enstatites in the dolomite a step farther to the almost complete replacement 
of the latter; and, indeed, within what we have called the limestone, every 
stage can be traced from pure limestone to a rock nine-tenths enstatite. 

(d) The enstatite not necessarily a proof of eruptive origin of the 
rock. 

I know of no eruptive rock made up exclusively of coarse, long-bladed 
enstatite, but I have studied several beds of such character among the crys- 
talline schists. fe 

I have collected the large, smooth-faced, altered enstatite crystals in 
Norway, and they seemed to have formed as attached crystals, projecting 
into free spaces in crystalline limestone, rather than as constituents of 
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eruptive rock. Also the enstatite rock, as I have seen it at the Tilly Foster 
mine, is a member of a highly metamorphosed crystalline-schist series. It 
resembles quite closely what the Westfield rock may have been, but is finer- 
grained. 

It is to be further remarked that the massive structure of the black 
serpentine is not a characteristic indicating, necessarily, an eruptive origin, 
since the rock is made up of elongated square prisms, often 3 to 8 
inches long, interlaced, and with calcite in the interspaces. It is like the 
massiveness of the Bolton rock, or the canaanite. The black color also is 
wholly the product of serpentinization, as the freshest enstatite is every- 
where translucent and pale-gray. 

(¢) I therefore conclude that the rock was once a bed considerably 
thicker than the present one, and consisted of a somewhat ferruginous dol- 
omite, which was permeated by heated siliceous solutions, set in motion by 
the large granite batholites, upon their intrusion into their present positions. 

The ferruginous enstatite (the serpentine derived from it contains 8 to 
9 per cent of iron) was formed by the reaction of these solutions with the 
magnesium of the carbonate, and the resulting carbonated waters may have 
promoted the solution and removal of a part of the unaltered calcium car- 
bonate, and this may have been the condition necessary to the formation of 
the pure enstatite rock of the west wall, which differs only in the almost 
complete absence of the calcite. The analogy of the wernerite-limestone, 
the canaanite-limestone, and the tremolite-limestone, and of the correspond- 
ing massive silicate, nearly free from carbonate, seems to me complete for 
the explanation of the enstatite-limestone, and of the massive enstatite of the 
western border of the Westfield quarry and the similar beds farther north. 
Indeed, the change of the limestone at this locality into tremolite, for a 
certain distance in, along the eastern border, and the partial change into 
tremolite throughout, seems not essentially different from the earlier 
change, for a greater distance inward, into enstatite. 

The idea that the black serpentine at the Westfield quarry is an altered 
dike rock, and that the marble only is an altered sedimentary limestone, I 
can not entertain fora moment. The identity of the black prisms in the 
limestone with the black prisms which are interlaced to form the massive 
rock seems to me fatal to this theory, especially when we consider those 
parts of the limestone which are nearly all composed of the black rods. 
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That the enstatite can have passed from the western enstatite rock into 


Russell; Westfield Marble Company’s quarry. 


Black enstatite-serpentine pseudomorphs in white marble. 


Fic. 8.—Stellate marble. 


the limestone is improbable, 


for the fifty feet nearest to _ 


the enstatite rock contain 
much less of the enstatite 
than do the next thirty. 

At Downey’s the white 
limestone is free from ensta- 
tite, and the contact with 
the enstatite rock is covered 
in the swamp. At Munn’s 
brook the enstatite-limestone 
mixture is less in‘ amount, 
and the enstatite so pre- 
dominates that I tried to 
explain the whole by assum- 
ing that the black serpen- 
tine (or enstatite rock) was 
an igneous rock, and that the 
serpentine-calcite mixture 
(which in altered surface 
specimens could not be 
studied so well as in the 
fresh masses opened in the 
Westfield quarry) was de- 
rived from the eruptive rock 
by the removal of some 
allotriomorphic constituent 
and the interstitial develop- 
ment of a later secondary 
calcite in its place. A sin- 
gle look at the great blocks 
of the black spotted marble 
in the quarry will prevent 
one from deriving this hun- 
dred feet of limestone from 


any alteration of an eruptive like that from which the black bed may have 


_ 
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been derived, and will compel one to hold to the independence of the two, 
if one will not accept their commow derivation from a dolomite. 

6. Derivation of the black, thin-fissile amphibolites from the limestones.— 
If the steps by which the black serpentine has been traced backward in 
the preceding sections be valid, a goodly portion of the series for 20 miles 
from the Westfield end, and in places its whole thickness, was originally 
a dolomitic limestone. Associated with this black serpentine series, in 
gradually increasing quantity as we go north, is the black, or dark-green, 
amphibolite, made of a matted network of actinolite needles in an albite 
mosaic. The two series are closely joined in all this distance; they replace 
each other along dip and strike, and if the amphibolite be an altered erup- 
tive it must have been intruded by a kind of preestablished harmony, so 
as to fit itself to the limestone exactly through this long distance, without 
showing any eruptive relations to it or preserving now any eruptive rock 
texture. . | ; 

“Therefore, as in the case of the same amphibolites which in the same 
way attach themselves to the pre-Cambrian limestones throughout their 
whole extent in Berkshire County (see p. 29), I conclude that these rocks 
are, in the main, derivatives of an impure argillaceous limestone, and I 
extend this conclusion to the long range of amphibolite which goes north 
from Blandford across the State, interrupted only by areas of serpentine 
derived from the alteration of the amphibolites. The residual facts which 
point to the eruptive origin of some part of the series are the constant 
presence of chromium and nickel in the serpentine from several localities, 
as indicated in the table of analyses on page 116, and the close agreement 
in composition and structure of the dark amphibolites with rocks which 
have been proved to be derived from basic eruptives. 

In relation to the first point, it is very probable that olivine-bearing 
rocks may be present in the serpentine masses north of the Blandford and 
Middlefield olivine occurrences, though long search in the field and the 
study of many sections has compelled me to refer all these beds to the 
category of translucent hornblendic serpentine. In these great areas of 
serpentine much may have been overlooked, as sections could not be cut 
from every part. The presence of these assumed olivine rocks may have 
been the initiating cause of a serpentinization which extended far beyond 
the rock in which it started. Further, an inspection of the table of analyses 
shows that the enstatite and sahlite, minerals which have certainly formed 
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in the limestone, have a constant content of chromium and nickel. I think 
we may therefore assume that these elements have been concentrated from 
extremely dilute solutions in and by the limestone, being derived perhaps 
from the olivine rocks, and that they do not necessarily indicate that all the 
minerals which now contain them were of eruptive origin. 

As to the other point, I find it very difficult to establish any certain 
criteria to distinguish amphibolites derived from the complete alteration of 
basic eruptives, or their tuffs, and those derived from argillaceous limestones, 
and I have illustrated the difficulty in the series of figures on Pls. V and VI. 
Where all residual structures are obliterated two rocks may become indis- 
tinguishable. It is a question mainly of the actinolite network and the limpid 
and untwinned albite mosaic of the amphibolite. The actinolite may have 
either origin, and every stage may be observed from tremolite-schists cer- 
tainly metamorphic to actinolite schists. In several cases I have found 
the albite mosaic closely like the untwinned albite growth of the adjacent 
albitic schists, for which no one would suggest a connection with eruptives; 
and that such a mosaic may readily form also from the action of heated 
solutions on a diabase is shown by its occurrence in the red Triassic trap, 
described in Chapter XIII. It is rather a question of the easy formation 
and solubility of albite or other plagioclase than of any necessary connec- 
tion with a basic eruptive. 

7. Formation of the Chester emery—The Chester emery may have been 
formed by the replacement of a portion of the limestone bed. Just as great 
beds of limonite with gibbsite and allophane have formed, by replacement, 
at the surface of the Stockbridge limestone, in Berkshire County, and of the 
Bernardston limestone described below, so the formation of such a bed at 
the surface of the former Chester limestone would explain the magnetite- 
emery bed which now caps the Chester amphibolite. 

Metamorphic agencies have changed the limonite into magnetite, while 
the hydrated alumina compounds have become corundum, and continued 
alteration has, as is usual with corundum, produced many interesting 
minerals. 

The tourmaline can not be taken as a fumarole mineral of the olivine 
rock, since, as it surrounds the emery bed in great quantity, and is not found 
in association with the olivine rocks, it would tend to prove the emery bed 
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to be an igneous rock, rather than the olivine bed. The tourmaline is, as 
it contains much magnetite, a very late-formed mineral in the fringe rock, 
which is itself a late product of metamorphism. This association of the 
emery bed with limestone may point to a similarity of origin for this bed 
and the beds of Naxos, which are thin sheets of emery in crystalline lime- 
stone associated with mica-schist and granite. 

8. The great extent and constant horizon of the series a proof of its sedi- 
mentary origin.—Above and below the Chester amphibolite series are highly 
tilted sericite-schists of great thickness, often very quartzose, which were 
doubtless once sandstones, of about the same age as the Berkshire and 
Greylock schists. 

The Chester series is conformable with these, and where it loops up to 
the north it forms a compressed syncline, pitching to the north, and east of 
this another, more open syncline, pitching southerly. It has the aspect of a 
sedimentary series, and not that of an intrusive body, and its complexity 
and great length indicate its origin by sedimentation. I have followed it 
more than 60 miles in Massachusetts and found it an almost uninterrupted 
band of amphibolite, often breaking up into several beds, with thin inter- 
posed sericite-schists; and it extends a great distance north and south, 
across Vermont and Connecticut, and can be followed far east into Worces- 
ter County at a constant horizon. 

I conclude, then, that the Chester series represents an eastward expan- 
sion of the limestones of the Silurian sea which deposited the Stockbridge 
and Bellowspipe limestone in Berkshire, and that it may be tentatively 
paralleled with the latter bed. Some very basic igneous rocks may have 
been associated with it in this, its shoreward, extension, and along its central 
part its upper surface was, at a later time, replaced locally by limonite. 

The Bolton limestone in Worcester County occupied about the same 
horizon, and has in places changed into actinolite-schists and developed in 
large quantity boltonite, which is almost a variety of olivine, and is in 
places changed into black serpentine, forming a rock exactly like the West- 
field quarry stone. The black prisms of altered boltonite scattered in the 
white limestones reproduce on a slightly smaller scale the black rods of 
enstatite in the latter rock. 
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THE SAVOY SCHIST—THE UPPER SERICITE-SCHIST. 


DISTRIBUTION. 


A broad band of sericite-schist enters the State from Vermont across 
the eastern half of Rowe and the whole of Heath, and as it crosses Charle- 
mont it extends over into Berkshire County. It occupies the western half 
of Hawley, Plainfield, and Cummington, where, much narrowed, it comes 
again wholly within the limit of Hampshire County. 

It runs south in a narrow band, 1 to 2 miles wide, of nearly vertical 
strata or of strata with high easterly dip, across Middlefield, Chester, and 
Blandford, and in the latter town expands broadly eastward across this town 
and Russell, attaining a width of above 7 miles. It divides and wraps around 
the Hoosac schist below, and extends south across Granville in two bands 
in the east and west parts of this town, on either side of and dipping away 
from the older formation. The East Granville gneiss thus forms the nucleus 
of an anticline having its axis inclined to the north, so that the Hoosac and’ 
Rowe schists and the Chester amphibolite, and finally the Savoy schist, 
appear in succession on either flank. On the east the succession can not be 
followed higher, as the Savoy schist, which forms the long ridge of Sodom 
Mountain, has at its foot the sandstones of the Trias, covered mostly by the 
Glacial and post-Giacial beds. On the west the Savoy schist is a closely 
folded syncline, bounded by the amphibolite band (Chester) on either side, 
and doubly looped to include Liberty Hill and Sweetman Mountain, and 
running out to the south before reaching the State line. (See map, 
Pl. XXXIV.) 

On.the north, where it broadens out so suddenly in folding round the 
north end of the anticline, it dips under the Goshen spangled mica-schist, 
and the axis of the anticline is continued northward beneath the latter, and 
by an upward undulation brings up the Savoy schist in an interesting 
faulted quaquaversal in the middle of Goshen, and again, farther north, 
brings up once more by a stronger upward curve the underlying Can-brian 
gneiss at Shelburne Falls. 


BOUNDARY UPON THE ROCKS BELOW. 
Where the Chester amphibolite band is present in force as a single 


massive bed, as across Rowe, Chester, and Granville, the transition between 
the two is very sudden. 


THE SAVOY SCHIST. 157 


Across Blandford, where the beds are much covered, and where, while 
many beds of sericite-schist intervene in the Chester amphibolite, the pre- 
dominant rock is hornblende-schist, the boundary is less clear, and here, on 
the one hand, hornblendic bands appear in abundance all through the 
hydromica-schist series, and on the other the intercalated schists mentioned 
above are identical with the schists of the upper series; but this boundary 
is of somewhat subordinate importance, and the Chester amphibolite already 
described, although fully deserving separate treatment, both from its impor- 
tance as a horizon and from the geological interest of its various members, 
is quite closely allied to the present series, and the most important boundary 
line lies at the base of the latter. Around the Granville anticline and north 
of Middlefield, where the amphibolite band narrows and is interrupted, the 
boundary is drawn with less but still with very satisfactory accuracy. 


GENERAL DESCRIPTION OF ROCKS. 


The prevailing rock is a muscovite-schist of medium to coarse grain, 
with varying but always considerable content of mica, and as this mineral 
is very generally hydrated the whole series was for a long time called 
talcose schist, from the soapy feel of the softened mica. The rock. is of 
a light-gray or greenish-gray color, and both carbonaceous and ferru- 
ginous matter in such form as to darken the rock are very generally 
absent—a general mark of distinction between this and the subsequent 
formation. 

Almandine garnet is very generally but very irregularly present, often 
crowding the strata for great thickness and often wholly wanting. The 
forms 202 (211); 202 (211), «2 0 (110); and 0 0 (110) appear. The gar- 
nets frequently reach large size—25-35""—and in several places, especially 
in Chester, afford fine cabinet specimens. They are often changed to the 
center into chlorite, and this mineral also often appears in scales, especially 
stretched in long lines along the cleavage faces of the rock, giving the 
schist a greenist tint, and so far increases at the expense of the mica as to 
become a chlorite-schist. 

The sericite-schist further carries white, sugary sandstone beds shot 
through with long, flat crystals of black hornblende, which forms a striking 
rock in the cutting nearest the Chester station and appears abundantly 
farther south in Blandford. This increases at the expense of the other 
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constituents until a hornblende-schist is formed, made up of jet-black needles 
of hornblende and a little quartz and albite, which differs from the heavy 
bed of amphibolite below in its deeper color, the lack of visible epidote, 
and its more friable texture. Scattered through the series, however, are 
other beds of hornblende-schist which do not materially differ from the 
basal bed. 

A light-green pyroxenite, more or less calcareous, forms small beds of 
a tough, massive rock at various points throughout the whole extent of the 
_ formation. This rock was noted by President Hitchcock under the name 
augitic gneiss. 

At its southern extremity, in Granville and Russell, the beds become, 
as an exception, somewhat feldspathic, and biotite and cyanite associate 
themselves with the muscovite. In the railroad cuts east of Russell station 
occur beds of a rather coarse schist in which, on the lamination faces, the 
bright black biotite is intergrown with the muscovite, the latter surrounding 
the former, and the basal cleavages being common. 


COMPARISON WITH THE ROWE SCHIST BELOW. 


The two formations agree in the prevalence of muscovite-schists, and 
the hydration of the mica is a phenomenon common in the older series, 
notably where the Chester-Becket road crosses the town line and northward 
across the State, and then a rock exactly like the prevalent one in the 
higher series results. The feldspathic character of the lower series is not 
at all projected into the other, and the green tint of the upper beds due to 
chlorite and to the intercalated bands of hornblende and chlorite-schist 
differentiate the two abundantly. Stratigraphically there is no trace of 
any break between the two, and as there is, as already described, a well- 
marked break between the Hoosac feldspathic mica-schist and the Becket 
eneiss below, and a probable one at the top of the Savoy schist, the 
Hoosac, Rowe, and Savoy schists are more nearly allied to one another 
than is any one of these to the adjoining series above and below. 


DETAILED DESCRIPTION AND SECTIONS. 


The facies of the formation changes greatly from north to south. At 
its southern extremity the two arms which pass through Granville are 
made up of a coarse two-mica, slightly feldspathic schist, rusty, and | 
over large areas barren of accessory minerals, and much cut up im many 
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places by veins and irregular patches of coarse granite. It sometimes 
abounds in coarse cyanite blades. 

In Sodom Mountain, in East Granville, the same rock prevails. Unim- 
portant bands of hornblende-schist occur, and a bed of the pale-green cal- 
careous pyroxenite, very probably an altered impure limestone bed, was 
observed by President. Hitchcock’ and catalogued as augitic mica-slate. 
The rock here very closely resembles the Amherst rusty feldspathic mica- 
schist. 

Northward through Blandford the rock gradually ceases to contain 
biotite and feldspar as constant and important constituents, becomes gray 
and more siliceous, and the muscovite is generally hydrated. It is much 
corrugated in this area, and doubtless contains many subordinate folds and 
great flutings, which could in some cases be traced for considerable dis- 
tances, and to which I devoted much labor, but without reaching results 
which could be entered upon the map. — 

If from Granville we go north through Russell, east of Blandford, and 
thus through the eastern half of the broad expansion of the formation, we 
find that the Granville feldspathic facies persists much farther north and 
would seem to belong to the lower portion of the series here discussed. 
Northward it is, nearly to the Westfield River, a coarse, rusty muscovite- 
schist, often biotitic, often a little feldspathic, and, indeed, may be called a 
coarse membranous gneiss, the continuous folia or membranes of mica being 
separated by thick sheets and lenses of quartz with a little feldspar. 

As before (see p. 85), a somewhat detailed description is given of the 
development of the series along the Westfield River, which in Chester runs 
down across this series, making an acute angle with the strike, and then, 
crossing the southward prolongation of the Conway mica-schist, again 
enters this formation and runs. for a long distance through Huntington 
and Russell, across the head of the eastern anticline. 

In Chester the rock is already a chloritic sericite-schist, of a type which 
continues a long way north; flat, thin-fissile into plates 10-15™™ thick, with 
the micaceous minerals concentrated mostly on the lamination planes; 
uniformly light-gray with a shade of green from the presence of scales 
of chlorite mixed with the muscovite, and these can be detected with the 
microscope when they are not visible to the eye; at other places this 
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increases and the cleavage surfaces are mottled by large ageregations of 
the green mineral. The thickness of the plates is made up of highly crys- 
talline quartz, at times fused into a complete vein quartz and carrying 
earnets and pyrites, often in large quantities. It is frequently also wholly 
barren over broad areas. . | 

To the east of the great serpentine bed in the north of Chester the rock 
is gnarled and contorted in a most marvelous manner; the quartz laminz 
branch out and grow thin in rapid alternations, and many small quartz veins 
run in all directions. This holds for a half mile eastward, until, on the first 
road running north, the corrugation lessens suddenly and disappears, and 
the schist takes the normal form described above. 

Several beds of amphibolite, 7 to 12 feet thick, are interposed in the 
schist, and the transition from one to the other is in all cases very sudden. 

The succession of the beds next above is well shown in the second 
cutting north of Chester station, and the section is given in detail to show 
the rapid and repeated alternations of micaceous and hornblendic strata. 
The section runs from below upward: 


Section north of Chester station. 


Feet. Feet. 
Sericite-schist ...-..------- 3 Amphibolite -.::.-.+---+--- 6 
Amphibolite ......------.-- i Sericite-schist ......--.-.--- 8 
Sericite-schist .... ..------ 14 | Amphibolite .....-- te ee ghee U1 
Amphibolite {2075-225 - 2 Sericite-schist-.- +32 2. 22 6 
Sericite-schist.—-..-...°--.-. 1 Ainphibolite .c..2 3-5-5522" = 6 
Amphibolitec a5 7yaeree oc 2 Sericite-schist.....--..--:-- 12 
Sericite-schist...4:. 22 -<--).- 34 | Amphibolite .....---------- 4 
Amphibolite ..........,-+--« 4 | Sericite-schist.....-...----- 6 
Sericite-schist.........----- 2 


A very short distance separates this section from the cutting nearest 
the station, representing the strata next above those just described. This 
cutting exposes 217 feet, and in this distance are 23 beds, from 1 to 20 feet 
in thickness, of alternating sericite and amphibolite. (See Pl VI, fig. 4, 
p. 306.) Many of the sericite-schist layers contain abundance large, dis- 
tant garnets in every stage of change to chlorite. 

Following the line eastward from the station to the junction with the 
Conway mica-schist the greenish-gray sericite-schist in this upper portion, 
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almost free from amphibolite, is flat-bedded and presents a rather monoto- 
nous area of vertical beds, with strike varying little from the meridian. 

North of Chester the series occupies a position on either side of the 
line between Middlefield and Worthington, being about half in each of 
these towns, exposed on the slopes of one of the most characteristic deep 
V-shaped longitudinal valleys so common in the Berkshire Hills. 

The facies of the series has changed greatly, and starting from its base 
at the serpentine and soapstone bed at Harold Smith’s, in the north part 
of Middlefield, which is plainly the continuation of the great bed in the 
south of this town, instead of the interminable alternation of sericite-schist 
and hornblende-schist beds noted above in Chester, one crosses a great 
thickness of the vertical sericite-schists, often very quartzose, often garnetif- 
erous, but without much hornblende until the top of the series is reached. 
Through the whole length of the town of Worthington the conditions. are 
remarkably uniform, and the section along the road from Peru to Worthing- 
ton Center may be given asa sample of the whole distance. 

At the cemetery, 160 feet east of the Peru line, the Becket gneiss 
gives place to the Hoosac albitic mica-schist, coarse, corrugated, rusty, and 
carrying at times large garnets, and just before the bed of the Middle 
Branch of the Westfield River is reached a layer 115 feet thick of a 
bright-green, fissile chlorite-schist appears at the base of the present 
series and replaces the usual serpentine and hornblende bed—the Chester 
amphibolite. | 

Up the sharp hillside eastward, near the house of W. Starkweather, the 
beds, as made out along the road and for a long distance north and south, 
are of coarsely corrugated sericite-schist, often a quartz-schist with films of 
hydrated mica, and rarely a band of soft, deep-green, slaty chlorite-schist, 
the whole dipping 90° and ageregating 720 feet. 

Kast of this house the same schists, often very quartzose, continue and 
carry five beds of hornblende-schist, 3 to 10 feet thick. The whole series 
is 3,280 feet thick. 

North, across Plainfield and Hawley, a great mass of barren, monot- 
onous quartzose sericite-schists expand to a considerable width and occupy 
the almost inaccessible hill region drained by the Cold River: They 
preserve this habit where they are deeply cut by the Deerfield River, from 


Hoosae Tunnel to Zoar. Rarely a hornblendic bed appears near the base. 
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They impress themselves strongly on the topography as they bend north- 
east from Zoar, in Adams Mountain, but preserve their uniform habit to the 
State line. 

THE SHELBURNE ANTICLINE. 


This anticline is distinguished strongly from the more southern one by 
the absence of the sericite-schist, the calciferous mica-schist being separated 
from the gneiss by only a band of hornblendie rock of no great thickness, 
with merely a suggestion of the Rowe schist below. 


PETROGRAPHICAL DESCRIPTION. 


Mica-schist from near School No. 6, Charlemont. Rather coarse, light- 
eray rock, with shining muscovite scales and distant large garnets. 

Feldspar can be seen rarely with the lens. One piece gave extinction 
415° 30’ in the plane of oo P « (010) when measured from the edge M t, 
and was therefore albite. Another gave extinction + 2° 30’, and was 
therefore oligoclase (Ab, An). 

The feldspar is present in small amount. The garnets are crowded 
with impurities and polarize distinctly. 

Garnetiferous sericite-schist from Chester. Railroad cutting west of sta- 
tion. A pale greenish-gray rock, with greasy continuous films of hydrated 
muscovite between thin layers of rather coarse-granular quartz, full of 
pale-red garnets. 

Under the microscope the angularly eranular quartz abounds in 
rounded grains of magnetite, and these two minerals fill the garnets, mag- 
netite being more abundant in the garnet than outside. The muscovite is 
“1 twisted films and radiates in broad plates from the garnets. The latter 
send out abundant amoeboid processes among the quartz grains. 

Beautiful triangular and doubly terminated tourmalines of greenish- 
brown color show exquisite absorption—deep crimson at one end, shading 
to emerald-green at the other, or to the middle, when the green shades into 
smoke-brown at the other end. They are thus miniature reproductions 
of beautiful crystals from Paris, Maine. On rotation the colors change 
places. A few bright-green chlorite scales appear. The order of formation _ 
is: magnetite, tourmaline, quartz, garnet, chlorite, muscovite, while the 
quartz has formed and re-formed and some of the present grains inclose all 
the other constituents. 
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All the pyroxene rocks described: below are plainly altered limestone 
- beds in the schist, and, though common, never reach large dimensions. 

Pyroxene-schist from Heath. No. 203, Massachusetts Survey Collection, 
“Augite mica-schist.” Large, pale-green pyroxenes, with irregular outlines, 
inclosing many quartz veins, and placed in a coarse-granular quartz mass, 
with much biotite and magnetite. 

Pyroxenic limestone from Sodom Mountain, Southwick. No. 202, Massa- 
chusetts Survey Collection. “Augitic mica-slate.” Gives abundant efferves- 
cence in cold HCl, which is renewed on heating. A thin layer of calcareous 
coccolite between two layers of quartz, the whole inclosed in mica-schist. 

The slide shows the pale-green pyroxene changing into a white asbestos. 

Pyroxenic limestone from Russell; railroad cut, east of station and just 
west of G. Frost’s. A layer 3 feet thick, of a very tough, fine-grained, 
reddish rock, showing much calcite, garnet, pyrite, and titanite. In the slide 
sahlite is abundant, actinolite rare. 


INTRUSIVE ROCKS. 


In its southern portion, through Granville, many pegmatite or coarse 
muscovite-granite veins and masses penetrate the schist, especially in Sodom 
Mountain, and the same is true in a lesser degree through Blandford, where, 
near Mr. Osborn’s, the fine rose quartz veins are associated with coarse 
granite in this series, and in the south edge of the village, where the 
deeply rotted beds have been much quarried for kaolin. Farther north, 
across Chester, Middlefield, and Worthington, these coarse granitic vein 
stones are almost or altogether wanting. 

In the east of Middlefield, and wholly isolated, an enormous dike of 
porphyritic granitite runs north and south nearly the whole length of the 
town, with a width in places of 1,300 feet. It is a rock not unlike the N ew 
Hampshire ‘“porphyritic gneisses,” but the feldspars are somewhat smaller, 
10-15™ in length. Farther north granite is wanting. 


THE HAWLEY SCHIST. 


This would have been called by Percival, in his quaint but very effect- 
ive nomenclature, “a ferromagnesian formation.” The most prevalent rock 
is a dark-green, soft, chloritic schist, generally crowded with porphyritic 
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crystals of brown ankerite, which are usually in grains a fraction of an inch 
across, but at times are perfect rhombohedra, more than an inch in size. 

The quartzose, pale-green muscovite or sericite-schist, common in the 
formation below, appears here also, but it is usually spotted, especially 
on the cleavage faces, with groups of long blades of black hornblende, often 
6 inches in length, which are radiated on the foliation faces of the schist 
from a central area, after the fashion of a sheaf of wheat, from which circum- 
stance President Hitchcock named the mineral fasciculite. Although the 
name has passed into the list of synonyms, I have found it useful as a desig- 
nation of the sericite- and chlorite-schists in which these hornblende blades, 
often in sheafs, appear as quasiporphyritic inclusions which have the habit 
of a somewhat constant accessory, rather than of an essential constituent, 
of the rock in question. There are thus fasciculite-chlorite-schists and 
fasciculite-sericite-schists; but this very generally disseminated hornblende 
has been ignored in mapping, and the large amphibolite beds which are 
represented on, the map are black, purely hornblendic schists, free from 
any visible micaceous mineral. This general distribution of hornblende 
distinguishes the Hawley formation or series from the beds which precede 
and follow it, wherein, outside of the amphibolite beds, hornblende is very 
rare and for the most part wanting altogether. None of the hornblendic 
bands in this series show any tendency to serpentinization. 


DISTRIBUTION. 


The band enters from the southwest corner of Halifax, Vermont, with a 
width of a mile, and begins at the Davis mine to widen, crossing the Deerfield 
River with a width of 3 miles. It goes across Hawley with this width, and 
is bounded on the west by a great fault. As it enters Plainfield the Goshen 
schists begin to overlap it rapidly, and it crosses this town, Cummington, 
and Worthington with a width of half a mile. As it enters Chester a second 
overlap of the Goshen schist cuts it off entirely. Farther south no series 
possessing its lithological peculiarities and richness in iron can be found. 


DETAILED DESCRIPTION. 


The whole eastern slope of the deep valley that separates Middlefield 
and Worthington is underlain by the rocks of this series, and the large 
garnets, superficially changed to chlorite, and the slabs of fasciculite furnish 
many attractive specimens for the cabinet. 
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In continuation eastward of the section of the Savoy schist given on 
page 161, one finds that the barren Savoy schist is followed by a great devel- 
opment of amphibolite (1,640 feet thick), the upper half made up almost 
entirely of this rock, the lower part containing some unimportant beds of 
sericite-schist and biotite-schist, and layers of a coarse, yellow sericite- 
schist with ‘“fasciculite,” and all grading into amphibolite. The prevailing 
rocks are: (a) a dark-brown hornblende- (cummingtonite-) schist, with very 
fine lamination, which is brought out more distinctly by weathering; (db) a 
gray, micaceous hornblende-schist; (c) layers of very fissile chlorite-schist. 
This is followed by a series (656 feet thick) of thin-fissile, very fine-grained, 
friable, dark-gray mica-schists, made up almost wholly of muscovite, and 
without accessories; this band can be followed clear across the town of 
Worthington and lies beneath the undoubted flaggy schists of the next 
series (Goshen), to which I have usually, but with some hesitation, referred 
it. The whole thickness is 2,296 feet. 

The above distances are approximate, being measured along a nearly 
straight east-west road, the strata being vertical and striking north and south. 
Across Cummington the beds abound in fasciculite, chlorite, and scattered 
grains of ankerite, or of rust spots which mark the removal of the latter: 

Fifty rods east of A. W. Brown’s sawmill, near the west village, these 
sericite-schists with fasciculite and ankerite are followed on the east by 
thin-bedded, light, sandy mica-schists, and these by a thin bed of porphyritic 
amphibolite, above which are 50 rods of graphitic pimpled schists, which 
one must associate with the Goshen mica-schist; then comes a 2-foot 
layer of amphibolite, and then the Goshen mica-schist continues eastward. 
This is the beginning of a new peculiarity, at the boundary between the 
two series, which continues and grows more marked northward—a heavy | 
bed of amphibolite near the top of this series, another equally heavy, but 
of different habit, occurring near the bottom of the higher series, and both 
increasing in thickness northwardly. Across Plainfield and Hawley the 
conditions remain unchanged. The main bed of amphibolite at the top of 
the Hawley series grows thicker, and is, | doubt not, more continuous than 


_. can be made out from the outerops in this drift-covered region. Other 


beds of amphibolite occur lower down, and the beds carrying chlorite, 
fasciculite, and ankerite increase, so that, measured across the middle of 
Hawley, they occupy a full half of the width of the town, and the series is 
here at its widest. 
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This is well seen in going east from the Hawley iron mine. West of the 
ore bed the rock is the common quartzose sericite-schist (Savoy). The ore 
bed itself is a hematite-schist (itabirite), made up of beautifully corrugated 
scales of micaceous hematite, which can be followed on the strike more than 
a mile. The pure hematite reaches scarcely a foot in thickness. Includ- 
ing the quartz-hematite-schist the visible thickness was not above 3 feet, 
but from the width of the open workings of the bed, now filled with water, 
the thickness would seem to have been in places more than twice as much. 

Going east down the long hillside, and with the dip of the steeply 
inclined beds, one finds a great thickness of chloritic schists, so abounding 
in yellow ankerite in grains that the latter mineral often makes more than 
half its mass, and near the surface, where it is weathered out, the rock is 
often a friable mass, somewhat rusty. At the foot of the hill is a great 
development of amphibolite, and much of the sericite-schist abounds in the 
sheaf-like hornblende aggregates or fasciculite, and this description holds 
true clear across the town to the upper boundary of this series. North 
through Charlemont and Rowe to the State line great beds of chlorite-schist, 
often dolomitic, and of hornblende-schist, sometimes with calcite, abound 
(as just west of Charlemont station), and the sericite-schist itself is often a 
fasciculite-schist. 


PETROGRAPHICAL DESCRIPTION. 


The jet-black, thin-fissile hornblende-schists of this series do not 
materially differ from those found below. Two specimens were chosen for 
special microscopical examination, and one of these has also been analyzed. 

Porphyritic epidote-amphibolite from northeast of E. Gleason’s, Heath 
(see PI. VI, fig.8, p.306). A dull-black, fissile rock made up of matted needles 
visible to the eye, doubly porphyritic, with black, stout hornblendes and long, 
rectangular, white plagioclase crystals with greasy luster from the abundant 
epidote inclusions. With common light the stout hornblende sections show 
a peculiar dichroism. The basal sections are of a yellow color, similar to 
that shown by the same sections with polarized light vibrating parallel to 
a, and the longitudinal sections a green like that seen parallel toc. They 
have a clear border, but the center is so full of inclusions as to give a 
mosaic of brilliant color. Small hornblendes, epidote, biotite, and ankerite 
abound. The hornblendes are twinned, with extinction 21° on either side 
of the suture, and show strong absorption colors: ¢=blue, %=olive-green, 
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a= bright yellow, b>c>a. The colorless phenocrysts are small, single 
twins of albite, extinguishing at about 2° on either side the center. With a 
lens they are seen to be frosted full of small grains of epidote, and scales, 
apparently of muscovite. With polarized light these make a mosaic of such 
brilliant color that only a trace of the polarization of the feldspar is visible. 
In a section parallel to*c Poe (100) a negative obtuse bisectrix was 
observed. The large rhombs of ankerite with rust-marked cleavage appear 
everywhere. Magnetite is abundant in small, rounded grains without alter- 
ation products. The background is a mosaic of small, short hornblende 
blades and magnetite, epidote, and feldspar grains. It forms most beautiful 
microscopic slides. 

Black, fissile amphibolite from Worthington, west of G. Sherman’s. 
Nearly all a network of large blades of hornblende, with finely marked 
prismatic cleavage This has medium pleochroism and the formula c— 
blue-green, b= yellow-green, a=yellow: c>b><a, Titanite and appar- 
ently zircon appear. 

The analysis of this rock was made by Mr. L: G. Eakins. 


Analysis of amphibolite from Worthington. 
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The Heath amphibolite bed——Across Heath from north to south, within 
the border of the Goshen schist, runs a band, standing nearly vertical and 
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50 rods wide, of a dull, dark-gray, slightly greenish amphibolite, thin-fissile 
and highly porphyritic. It closely resembles the Guilford band in its wider 
portion across Vermont, west of Brattleboro, where the latter is porphyritic. 
The porphyritic spots are due to feldspar, which excludes the hornblende, 
but is itself full of impurities, especially biotite. The latter is wanting in 
the main mass. It lies near the western border of the Goshen schist and 
passes through the railroad cut east of Charlemont station. The upper 
amphibolite bed of the Hawley schist is at times porphyritic, and I have 
assumed that this Heath bed was a repetition of that upfolded through the 
Goshen schist. The small content of lime and magnesia may be thought 
to militate against this assignment and indicate a relationship to the Guil- 
ford and Whately bands, which occur in the Goshen schist far to the east, 
and this is perhaps the best assignment of the bed. 

An analysis of the rock has been made by Mr. L. G. Eakins, from a 
specimen taken from near W. M. Sanford’s: 


Analysis of Heath amphibolite. 


, Per cent. 
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The white gneiss.—A single curious band of white, thick-bedded gneiss 
runs down through the middle of the Hawley schist area. It passes through 
the southwest corner of Halifax, Vermont, and can be well studied on the 
high hill south of the road. It is a very prominent bed on the road going 
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up to the Davis mine, where, a mile below the mine, a crossroad turns off 
to the east. It has blue quartz, single twinned feldspars, and very little 
biotite, and is 60 feet thick. 


THE POSSIBLE IGNEOUS ORIGIN OF THE HAWLEY SCHIST. 


The theory that a ferromagnesian formation like the present may be 
in whole or part of igneous origin is very attractive, and I know of no sed- 
imentary series which could be more easily transformed by wholly intelli- 
gible metamorphic processes into the present one than the Triassic beds of 
the Holyoke range, with their interbedded traps, tuffs, and ferruginous 
sandstones, to which respectively the amphibolites, chloritic schists, and fas- 
ciculate sericite-schists can be compared. There remains now no distine- 
tively eruptive structure in 
these beds. The pseudo-por- 
phyritic character of the am- 
phibolites proves to be caused 
by the exclusion from the 
white spots of the black horn- 
blende needles by a second- 
ary feldspar growth, now 
more or less saussuritic, SO Fic. 9.—Plan of altered dikes and quartz veins in chlorite-schist, 

; Charlemont. a, ankerite-chlorite-schist; b, sandy muscovite-yneiss; 
that the white feldspar ground altered dikes, now green ankerite-chlorite-schist; d, blue-quartz 
appears. A single very strik- ~~” 
ing occurrence, looking like a small dike branching across the bedding, 
occurs in Charlemont (fig. 9), going up over the bare rocks west of 
A. P. Maxwell’s (now Vincent’s), a mile north of the village, to the highest 
rocky bluff visible in the woods from the house. On the east is the 
common soft ankerite-chlorite-schist (a), and a sharp boundary line sepa- 
rates this from a white feldspathic muscovite-schist or gneiss of sandy 
texture (b) Distinct dikes (c) of ankerite-chlorite-schist of slightly dif- 
ferent texture from the country rock (a) appear in the latter and run out 
into the white gneiss, branching and expanding into irregular forms. The 
country rock is distinctly faulted by the dike, and a later fault cuts across 
the whole and throws it, and this is filled with vein quartz (d). There is a 
distinct foliation in the dike, which is in part parallel to that of the country 
rock and in part divergent therefrom, as indicated in the figure. 
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MINERAL DEPOSITS. 
THE PYRITE BEDS. 


Toward the north, to some extent in Hawley, but more abundantly 
north of the Deerfield River, lenticular beds and impregnations of pyrite 
occur, carrying a small percentage of chalcopyrite. ‘TP he success of the 
Davis mine in Rowe has greatly stimulated the search for similar deposits 
and their exploitation. Much time and money seem to have been fruit- 
lessly expended, and often by those who could ill afford it, without, so far 
as I could learn, consultation with any person competent to advise upon 
such matters. 

Many considerable beds have been opened, but none have proved 
remunerative except the Davis mine, near the east line of Rowe. This is a 
ereat lens, lying with sericite-schist as its western (foot) wall, and on the 
east chlorite-schist, which is soon replaced by sericite-schist. The strike is 
N. 30° E,, the dip 70° E. The bed has been opened for 700 feet on the 
strike and to a depth of 425 feet. On the north it swells in a short dis- 
tance from 6 feet to 24 feet and maintains this thickness nearly to the south 
end. It is an enormous mass of almost pure, coarse-granular, shining yel- 
low pyrite, with some chalcopyrite, blende, garnets, and gahnite—the two 
latter fine and rare. I am indebted to the proprietor, Mr. H. J. Davis, for 
the facts concerning the workings of the mine up to the summer of 1892. 
It is supplied with the most approved appliances of every kind. A little 
village has sprung up in this desolate corner of a decaying town, and much 
taste and energy were manifest everywhere. A new post-office (Davis) has 
been created, and surveys were being made for a narrow-gauge road from 
the mine to Charlemont. Everything thus indicates that the mine is suc- 
cessful to a degree exceptional in the history of mining in Massachusetts. 

In 1892 the greatest depth of No 1 shaft was 501 feet; greatest length 
of adits, 998 feet; total depth of all shafts, 621 feet; whole length of adits, 
5,989 feet; greatest width of the vein, 61 feet. Total product of mine to 
January 1, 1892, 334,552 tons 

Considerable work has also been done on Rice’s brook, a mile above 
Charlemont village, and an engine has been set up, but the enterprise did 
not prove remunerative. 

The most abundant and promising deposit after the Davis mine is in 
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the high bluffs overlooking the road east of M. V. Cressy’s ‘‘second pasture,” 
where for a long distance along the strike, in an area 20 rods in width, the 
chlorite-schist is crowded with pyrite in large, rough-faced cubes two-thirds 
of an inch across. One layer nearly a foot thick has been opened. 


COPPER ORES. 


The pyrite beds usually carry a small percentage of chalcopyrite. 
Copper is said to have been mined in’ a small way northwest of M. 
Stetson’s and northeast of P. Packard’s, in Plainfield. In an opening made 
by M. V. Cressy in the pasture north of H. Baker’s, where the sericite- 
schist is much impregnated with granitic material, bornite is quite abun- 
dantly disseminated in small grains, partly changed to malachite; and 
farther north in Charlemont, back of the house of G. Veber, on a blind road 
running north from the river road, bornite appears in masses an inch across. 


THE GREAT HAWLEY FAULT AND THE MAGNETITE AND HEMATITE 
DEPOSITS, THE RHODONITE AND RHODOCHROSITE BEDS, AND 
THE GARNET-SCHIST OR COTICULE. 


The mineral rhodonite has been found for many years in large bowlders 
in Cummington, near the Bryant homestead, and it has, in fact, been called 
cummingtonite from that circumstance. Within a year or two state- 
ments have appeared in print to the effect that the ledge from which the 
bowlders had been derived had been found on the Bryant road in Cum- 
mington. On investigating the trenches I found that they did not reach any 
ledge there at all, and taking the direction of the glacial strize I soon found 
the ledge 25 miles distant to the northwest, in Plainfield. 

On the road running north, up the hill from West Cummington, at the 
house of T. Williams, now occupied by Henry C. Packard, about 35 rods 
south of the house and 10 rods west, a garnetiferous sericite-schist (Savoy 
schist) on the west abuts against the chlorite-ankerite-schist on the east, and 
a band 8 rods wide is filled with veins of quartz, quartz and magnetite, 
and quartz and rhodonite. Some of the latter are 3 feet wide, of the 
finest and deepest color, often blackened at the surface. All the varieties 
found in the bowlders on the Bryant road in Cummington can be found in 
place here. The line between the two has the direction of the glacial strice 
of the region, and this locality is doubtless the source of all the Cummington 
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rhodonite. Much mining was done here in 1848, but it was abandoned 
because of the California gold excitement. By following the road north a 
mile and a half to a point where it turns sharp east, measuring 60 rods south 
from this bend, and going 10 rods east into the open field, one comes to 
another opening on a vein or group of veins 10 feet wide, mostly quartz- 
rhodonite veins, the unaltered rock faintly pink and the whole greatly 
blackened by oxidation. These two openings are called, locally, the man- 
ganese mines. They mark the line of a great fault, which runs south 
through the area of iron-manganese in Hawley. An inspection of the map 
will show that the amphibolite bands coming south are cut off with an acute 
angle against this fault, and the contrast of the highly ferruginous ankerite- 
chlorite-schists (Hawley schist) on the east and the barren quartzose 
sericite-schists (Savoy schist) is everywhere very striking. 

Across Forge Hiil, in West Hawley, this contact line bends consider- 
ably to the east, but the crushed band, largely filled with quartz veins, more 
or less ferruginous, is so wide here that I have represented the state of 
things by doubling the fault line across this area. I was guided the whole 
length of the iron deposits on Forge Hill, south of the old Hawley mine, 
by Mr. M. V. Cressy, who owns most of the land and has examined the 
country for iron more carefully than anyone else. At the most southern 
opening marked on the map, and the one where the dipping needle was most 
affected, the schist was impregnated with magnetite for a thickness of 12 
feet in the digging, and about 2 feet of this would pass as a lean ore. From 
this point the vein or veins can be followed north for a long distance, and 
opposite the south end of the amphibolite band and in the line of the 
straight fault marked on the map considerable digging has been done and 
the magnetite, here exceptionally abundant, is accompanied by much flesh- 
colored quartzite, apparently colored by rhodonite and rhodochrosite. The 
schist is full of magnetite for many rods to the east, and a well-marked 
hematite vein occurs here, with the quartz-rhodonite mixture accompanying 
it. About 10 rods south of this the epidotic amphibolite comes to an 
end and the ankerite-chlorite-schist abuts against the quartz-sericite-schist. 
The vein can be followed north by disseminated ore to the Cressy ‘second 
pasture,” a mile south of the old mine. Here a deep shaft has been sunk 
on the vein at the junction of the two rocks and masses of pure magnetite 
were lying at its mouth, and the accompanying vein quartz here and along 
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a line a few feet east was pink from the intermixture of rhodonite and 
rhodochrosite. Ilmenite and fluorite also occur here in quartz veins near the 
point where, a few rods west up the hillside, a new shaft has been sunk and 
has exposed much beautiful corrugated hematite-schist. 

A half mile farther north on the vein, at Mr. Cressy’s ‘‘first pasture,” 
the excavations have so exposed the vein as to throw much light upon its 
character and origin. The following section is exposed, commencing on 
the east : 


Section in West Haacley. 


1, Dark-green ankerite-chlorite-schist (Hawley schist). 

2. Compact vein quartz, tinted flesh-color from rhodonite, or rusted to deep 
brown and black; vertically color-banded, and with very regular rhombic jointing, 
3 feet. 

3. Solid, rusty, granular magnetite, 3-6 inches. 

4. Granular quartz full of white quartz veins, carrying ilmenite, which seems to 
be the sericite-schist crushed, deprived of its mica, and recemented, 18 feet. 

5. Sericite-schist full of scales of hematite replacing the mica and fine-granular 
rhodonite, 4 feet. 

6. Sericite-schist (Savoy schist). 

Everything indicates the crushing of a wide body of the rock and 
the deposition of magnetite along the main fissure, while manganese was 
carried far out from the fissure into the crushed rock, with much vein quartz 
and ilmenite; and still farther away from the main fissure, and perhaps 
at a lower temperature, hematite replaced the mica of the schist. 

The old Hawley mine, a half mile farther north, is sunk on a vein 
running N. 10° E. and dipping about 80° E. This vein is situated in the 
sericite-schist, 5 rods west of the junction of this schist and the ankerite- 
chlorite-schist, from whose abundant store of iron the vein was doubtless 
filled when the mountain-making movements opened the fissures and 
stimulated the chemical activity of the heated waters. The mine was 
much worked many years ago, and though the shaft was filled, the deep 
open workings have remained open and have furnished the many elegant 
specimens of the ‘‘micaceous iron” from Hawley found in all cabinets. 

This is the ore in the upper portion of the vein, and has been opened 
for 80 or 90 feet south from the shaft, which is 50 feet in depth, with a 
maximum thickness under 2 feet. A cross-cut of 10 feet cuts two more 
narrow veins. It is a well-foliated rock, generally finely corrugated, and 


174 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS, 


made up almost entirely of small, shining scales of hematite. 1 think it is 
a pseudomorph after the sericite-schist in which it is intercalated. 

Below, the vein changes into a firm, compact magnetite, which is often 
interlaminated with the quartz-rhodonite mixture. 
The mine has been recently (1891) opened by Mr. 
Ferd. $8. Ruttmann with improved appliances. 

The flesh-colored quartzite, plainly colored by 
manganese, which occurs as a veinstone on Forge 
Hill and south all along the vein, has the aspect of 
a common granular quartzite, but under the micro- 
scope its appearance is very striking. The slide 
looks exactly as if a layer of half-dried blood cor- 

_ puscles were spread upon it. They average .05™™ 
across, but vary from half to double this size. They 
are flattened and circular, but not always entirely 
regular, have darker centers, and are of reddish color. 
They are completely apolar, but have at times a 
polarizing grain at center. Some of them are com- 
plete trapezohedra, and they are manganesian 
garnets. A few grains of quartz and a rare scale 
of chlorite complete the slide. This description is 
of the rock at Forge Hill. 

From the mine on Cressy’s land, on the south, 
the grains are much smaller, .016™. There is a 
little more quartz, otherwise they are the same. 
The rock is thus a coticule or quartz-garnet rock, 
tinted flesh-color by manganese, and is a product 
of the same heated waters which have filled the 
vein with hematite. 


Fig. 10.—Contorted layer of garnetiferous quartzite (coticule) from mine on Forge Hill, Hawley; natural size. 


It is at times marvelously contorted, as illus- 
trated by fig 10, taken from a band at the mine 
on Forge Hill. This in appearance is a fine-grained, 
pink sandstone. The folds are so nearly sheared 
apart that a piece falls asunder easily in coarse bars, and the whole surface 
is frosted over with specular iron. Few traces of the iron can be found 
farther north, but south of the point where the fault line is made to terminate, 
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up the steep hill, I have found, at the abrupt transition between the chlorite- 
schists and the sericite-schists, signs of the continuation of the fault, in 
the impregnation of the rock with ferruginuous quartz veins. 

An interesting vein occurs in the deep, picturesque gorge below OC. 
Colby’s mill, near the town house in Hawley. It is a vein, 14 feet thick, 
of quartz with much hematite disseminated, and tinted flesh-color from 
manganese. ‘There has been some work done here in opening the vein. 

Another vein occurs here on the hillside east of M. V Cressy’s house. 
This rock is impregnated with hematite, and great masses of interlaced 
epidote crystals occur here. It has been tested with a diamond drill to the 
depth of 100 feet. 

On the south face of the high hill a mile and a half north of Charle- 
mont station is a bed of magnetite 6 feet wide, which was worked a little 
over forty years ago, It is for the most part very quartzose, except 1 to 3 
inches at the center, and lies in the fasciculite-sericite-schist. 


THE GOSHEN ANTICLINE. 


On the line between Chesterfield and Goshen, and stretching east 
nearly to the center of the latter town, is a most interesting outcrop of the 
rocks of this series, isolated, and surrounded on all sides by the newer forma- 
tion. It is a broad oval, with its long axis parallel with the meridian, and 
the beds are arranged as.a quaquaversal or short anticline, with high dips 
on the east and low ones on the west, and with a fault crack along the crest 
having a considerable upthrow on its-west side From the friable nature of 
the rocks this anticline is sunk by erosion into a peculiar, deep, oval valley, 
which separates the two towns and in which Burnell’s pond lies The area 
is framed in its whole circumference by a bed of fine-grained, light-gray 
granitoid gneiss about 50 feet thick, which I have assigned to the upper 
series. 

Commencing at the north end of the series, just west of W. J. Ball’s 
house, the rock is a white, friable, granular schist, containing a shining black 
biotite on the distant lamination faces and very large, scattered garnets, and 
varying from a quartz-schist to an almost quartzless biotite-schist. 

Farther west the same biotite-schist becomes hornblendie, like the 
““fasciculite”-schist, and is replaced by a black amphibolite. The same 
schists are continued down the lower (eastern) portion of the western wing 
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of the eroded anticline. At A. and R. Hawk’s house, farther south, around 
the south end of Burnell’s pond and on the east side of the fault, the rock 
is a coarse, light-gray sericite-schist, very micaceous and tinged with green 
from the scales of chlorite mingled with the mica. This schist is somewhat 
feldspathic, and it carries subordinate intercalated beds of gneiss, bedded 
eranite, and quartzite. In the upper portion of the western side of Burnell’s 
pond, and overlooking it as a high bluff, an interesting bed stretches north 
and south, which is wanting upon the other side of the fault. This is a 
layer in the sericite-schist 30 feet thick, the upper part a very coarse, rusty 
rock, made up of the brown cummingtonite in broad, radiated, interlaced 
blades matted around deep-red garnets 1 to 2 inches across. ‘There is much 
pyrite disseminated in the rock, In its lower portion the rock is made up 
of a ragged mass full of large garnets and separate nodules of quartz and 
feldspar, with coarse mica layers wrapped around them. This grades below 
into the gray sericite-schist, as also above; and in quartz veins in the schist, 
immediately above, the finest cyanite is found. 


CALE Bale VoL. 


THE GRAPHITIC MICA-SCHIST SERIES ON THE WEST SIDE 
OF THE VALLEY. 


THE GOSHEN SCHISTS OR FLAGS. 


The Goshen schist includes the lower portion of the ‘calcareomica 
slate” of Prof. C. B. Adams, or the ‘‘calciferous mica-schist” of the Second 
Vermont Survey.’ The second name is objectionable, because it is used in 
England for a subdivision of the Carboniferous and in America for a sub- 
division of the Silurian; and in the uncertainty concerning the age of the 
beds here described mistakes have arisen, and it has been supposed that the 
name carried with it an implication that the rocks were Lower Silurian. 
Moreover, the name as usually employed would indicate that calcite was 
an accessory constituent of the rock, and not that beds of limestone were 
intercalated at wide distances in the series. This latter is the case, and in 
central Massachusetts they are so widely separated that generally only two 
or three thin beds occur-in a township, and in the lower subdivision here to 
be described they are almost wholly wanting. The limestone grows far 
more abundant northward across Vermont. 


GENERAL DESCRIPTION. 


I have taken as a type for description the broad band of flags which 
surrounds the oval of sericite-schist in Goshen, upon which all the flagstone 
quarries of this town are situated. The rock is a flat-fissile, arenaceous 
muscovite-schist, splitting quite regularly into flags 2 to 3 inches thick and 
of the largest size. It is of clear gray to rather dark-gray color, from a 
constant content of graphite. It shows shining flat cleavage surfaces 
pimpled with small garnets (© O). Staurolite, cyanite, and beds of lime- 
stone are rare or wanting. 


1Geology of Vermont, Vol. I, 1861, p. 476. 
MON XXIx——12 177 
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The ascending section is (1) sericite-schist, (2) flags, (3) corrugated 
schist, which is met with in going out on any radius from the Goshen anti- 
cline; and these three beds are found exactly repeated in inverse order in the 
west of Worthington; that is, on reaching the corrugated schists (3), one 
keeps on west across them and passes a syncline, and west of Worthington 
village comes upon the flaggy schists (2) exactly as in Goshen, followed 
farther westward by the same hornblendic sericite-schists (1). The Goshen 
schist is here a true flagstone, splitting into thin slabs with smooth faces. It 
shows rarely staurolites embedded on the cleavage faces, on which appear 
also the garnets and the cross-sections of the very elongate biotite spangles. 

The mass of the schist is here a gray muscovite-schist, very fine-grained, 
in many layers showing no free quartz when examined with the lens, in 
others showing much quartz in flattened lenses made up of grains of white — 
quartz, around which the membranes of muscovite fold| The quartzose 
layers are 2 to 5 inches thick, and alternate regularly with more mica- 
ceous layers, so that here cleavage and lamination coincide. 

This band is sharply differentiated from the corrugated schist above, 
and on the map (Pl. XXXIV) the boundary is exactly laid down across 
Worthington southwardly, and except where the till is an obstruction, 
across Chester to the river. South of this, as it swings around the south 
end of the syncline, it is involved in the general corrugation and can not 
be accurately bounded. It has already grown narrow, and ean be clearly 
defined at Salmon Falls, on the Westfield River, but in the intermediate 
spaces the absence of limestone and a less amount of graphite and other 
accessories are the only guide. Indeed, the distinction is a comparatively 
unimportant one, but from the great extent of these graphitic schists it is 
needful to search out any recognizable stratigraphical distinctions in order 
to unravel their structure, and to retain these distinctions, when otherwise 
unimportant, in order to express this cartographically. 

Northward from Worthington the flags widen across Cummington and 
Plainfield. Northwest of Cummington they are finely developed—an alter- 
nation of more or less quartzose layers with intervening more micaceous 
and garnetiferous layers; the latter, an inch wide and 3 inches apart, 
preserves an original alternation of more sandy and more clayey layers. 

The widening continues across Ashfield. AtC. and B. Hawes’s, 4-inch 
sand layers, a foot apart, appear in the dark, garnetiferous spangled schists. 
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Across Hawley we find the same lead-gray, flat flags, garnetiferous — 
where micaceous, biotite-spangled where arenaceous, without quartz veins 
and without staurolite. ‘The latter mineral is henceforth absent as one goes 
across Charlemont and Coleraine, while otherwise the rock continues 
unchanged. 


UNCONFORMABLE CONTACT ON THE ROCKS BELOW. OUTLIERS IN THE 
HAWLEY SCHIST. 


At Salmon Falls in Russell, and at E. Clark’s in Montgomery, the 
change from the light sericite-schists to the graphitic garnet-bearing schists 
is sudden. In Chester the contact is exposed at the falls high up on a 
branch of Sanderson Brook, visible from the road over the mountain. It is 
Just at the north edge of the Granville quadrangle. The brook comes 
down over the vertical, flat, flaggy beds of the sericite-schist from the 
west; and 30 feet above its mouth, at a 2-foot granite dike, the change 
is sudden to the highly corrugated black schists, very fine-grained and 
biotitic, but with ‘little spangling, These schists effervesce with acid, 
and the transition is abrupt. A considerable unconformity is probably 
present, although the black schists are crushed into apparent conformity 
with the older flagey schists. 

The next place where this contact can be conveniently studied is in 
the open valley of the Westfield River, 14 miles southeast of Chester, at 
the end of a blind road which crosses the river and railroad just west of the 
mouth of Abbott’s brook. The Savoy schist is hornblendic just north of 
K. Smith’s house, at the end of the road, then follows the ordinary sericite- 
schist on the east, and the great development of amphibolite common farther 
north is wanting The junction begins just west of and runs up a small 
gully in a walnut grove above and northeast of the house of E. Smith. 
There is about 3 feet of fine granite at the junction, and for 2 rods east of 
the junction the Goshen schist is much corrugated and wavy, and nearly 
horizontal bands of what seems the original bedding run to meet the vertical 
Savoy schist. The Goshen schist is dark-gray, garnet-bearing, and spangled, 
and 3 rods east, across the gully, it has the vertical posture and northerly 
strike common to all the region. 

Across Worthington the boundary is well defined and is well exposed on 
all the roads leading down to the Middle Branch of Westfield River. Above 
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the heavy bed of hornblende-schist is a layer of thin-bedded, soft, dark, 
crumbly schist, made up mostly of muscovite, and almost wholly barren, 
showing rarely a large, shapeless garnet. This is 40 rods wide, and is per- 
haps best assigned to the sericite-schist, though on the map it is colored 
with the upper bed. The change above is abrupt into the garnet- and 
staurolite-bearing flags. 

The doubtful border layer mentioned above continues north across 
Cummington; and on the road to West Cummington, south of Deer Hill, the 
dolomitic fasciculite-schist (Hawley series) appears at L. Packard’s, with 
amphibolite on the east of it, and just east of this amphibolite is a black, 
fine-grained, graphitic schist, pimpled with garnets, which is the base of the 
Goshen schist and the continuation of the doubtful laver mentioned above; 
and directly east of this again is a thin amphibolite layer, which is a repeti- 
tion of the Hawley beds, followed immediately by the light-gray Goshen 
flags. Across Hawley and Plainfield the junction is nowhere well exposed. 

At the first cut east of the Charlemont railroad station the same gra- 
phitic, thin-fissile slate occurs just above and to the east of the highest 
hornblendic bed of the Hawley schist, and is followed above by the Goshen 
flags, with the intervention here also of a bed of amphibolite, and this curious 
boundary continues diagonally across Heath from the mills west of the 
center to the northeast corner. An important change takes place here 
which indicates the unconformity between the two formations. The bed of 
porphyritic amphibolite near the top of the sericite-schist is continuous clear 
across the town of Heath, and a little above this the light-gray, quartzy 
fasciculite-sericite-schist (Hawley) comes in on the east with gradually 
increasing width and is succeeded a little farther east by a very plum- 
baginous, friable slate, in which I searched a long time for fossils. This 
bed has been dug for plumbago near J. D. Tinkham’s, and it is well 
exposed at J. Loveridge’s, in the northeast corner of the town. It grows 
wider as it goes north, and develops into well-characterized Goshen flags, 
and is plainly an outlier of these rocks embedded in the Hawley schists. 

East of this bed the band of porphyritic amphibolite which was men- 
tioned above in the Cummington and the Charlemont section widens and 
becomes across the whole of Heath 820 feet wide. This structure is well 
brought out upon the geological map and the sections accompanying it. 
(See map, Pl. XXXIV.) — 
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At J. Barber's, in Plainfield, is another very interesting outlier of the 
Goshen schist. (See map, Pl. XXXIV, region west of South Hawley, and 
section 4 on Pl. XXIV) It is a dark-spangled, garnetiferous muscovite- 
schist, and appears across the brook south of the house and strikes N. 25° E 
beneath the house in a broad band. The dark schists thus come in contact 
with different beds of the older rock as they go north in a way that indicates 
the presence of an unconformity of some consequence, and the relations of 
these upper schists to the Shelburne anticline can best be explained by the 
assumption of an unconformity between them. 


PETROGRAPHICAL DESCRIPTION. 


Garnetiferous muscovite-schist from J Hawke’s quarry, northwest of 
Goshen Center The rock is a fine-grained, even-bedded schist, much used 
for flagging, lead-gray and arenaceous, and is pimpled with garnets and 
spangled very abundantly by transversely placed scales of black biotite, as 
is the case with the Bernardston schists (see page 291). The background 
under the microscope is a colorless mixture of quartz grains and muscovite so 
fresh and clear that quite thick slides become transparent and the dark-gray 
color is seen to be due to the coaly grains. The garnets and the biotite are 
much larger and more abundant than in the newer schists. 

The biotite, which has been called adamsite, phyllite, and ottrelite, but 
which shows all the optical properties of a biotite (meroxene), is in stout, 
thick, black crystals, the optical axes only slightly separated, but yet more 
than in the biotite of the newer schists. 

The garnets are very curiously and regularly filled with quartz inclu- 
sions of two sizes, arranged differently, and every crystal is the close 
counterpart of every other. The larger inclusions have exactly the range 
of shapes of the fluid cavities in quartz. They are often rounded, fre- 
quently having the shape of a quartz crystal, and are arranged, closely 
crowded, in triangular planes resting upon the edges of the dodecahedron 
and meeting at the center. They thus divide the crystal into the twelve 
segments demanded by the theory of the lower symmetry of garnet, but 
under crossed nicols every portion of each crystal is perfectly black except 
where the quartz inclusions shine through. 

The second group of inclusions starts at the surface of an ideally per- 
fect dodecahedron, an eighth of the way in from the surface of the crystal, 
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leaving this outer band quite limpid, and extends about halfway toward the 
center, the granules being largest at the surface and diminishing regularly 
to extreme minuteness and arranged in lines normal to the crystal faces. 
They are crowded so densely that they give the crystal the appearance of 
some hauyne or nosean sections, and by reflected light the red of the center 
is gradually diluted almost to white at the outer edge, and then framed by 
the deep red of the outer, clear border. 

The quartz crystals are 0.15-0.20™" in size, the larger inclusions 
0.02—0.03™" and the smaller 0.01-0.006™. The causes or forces which 
brought out this peculiar structure must have operated throughout the rock 
with great uniformity; must have risen in intensity to a maximum and then 
ceased suddenly, and have been followed by a period when the crystals 
increased without interpositions of quartz. At the last stage the crystals 
were built out only at the edges, these being advanced in the sections in 
bastions, often of great regularity. This is figured in Bulletin No 126, 
under ‘“ Garnet.” 3 

Staurolite is a regular miscroscopic ingredient, often quite abundant 
where it is wholly wanting macroscopically It occurs in single wine- 
yellow crystals, not often well formed, and is so loaded with large elongate 
and club-shaped quartz inclusions that three-fourths of a surface is often 
occupied by the latter. Here, also, an outer band is free therefrom, though 
not uniformly so, as in the garnet. 

The biotite, which is usually quite pure, is of later origin and includes 
garnet and staurolite, and has also an outer clear border. There are thus 
indications of two times of metamorphism. One may perhaps be connected 
with the folding of the rocks and the other with the later intrusion of the 
great granite masses. 

Biotite-gneiss from the crossroad to Buck Hill, Blandford; in Goshen 
schist. A fine-grained, yellowish rock, with abundant biotite scattered in a 
sandy quartz-feldspar mass. 

Under the microscope the quartz, in grains coated with limonite, seems 
to be clastic. The rows of pores do not run from one to the other, and are 
not parallel. Rutile trichites are absent. The feldspar, mostly orthoclase, 
is in grains also coated with limonite, which are at times seemingly increased 
in size outside this coating. Rarely a grain of microcline or plagioclase 
appears. ‘The biotite, black and fresh, molds the other constituents. There 
is no trace of any other constituent, and the rock is as monotonous under 
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the microscope as it is in the field, and may be called a bastard gneiss 
or a feldspathic sandstone grown biotitic by metamorphism. 

Granitoid biotite-gneiss from near the great pegmatite dike at the south 
end of South street, Chesterfield; from a thick stratum, conformably inter- 
bedded in the spangled mica-schist near its base. It bears a close resem- 
blance to the Becket gneiss. 

A. light-gray, fine-grained, biotite granitoid gneiss, the scanty biotite 
scales rounded or hexagonal, separate, and at times deep-red under the lens. 
The quartz and feldspar are colorless; the latter is glassy, often showing 
strie. Under the microscope it is remarkably and unexpectedly fresh, only 
here and there is a muscovite growth accenting the twinning of a plagio- 
clase It is, furthermore, very unlike the Becket gneiss, with which it 
agrees macroscopically. 

The quartz shows primary grains marked out by iron rust and second- 
ary quartz in lobed, interlocked masses. The abundant traces of water 
pores generally contain globules, but these are of small size and only rarely 
show motion ‘They are unaffected by heat The quartz contains in con- 
siderable abundance the rutile (?) trichites. 

The orthoclase is generally in carlsbad twins, and shows the most 
remarkable wavy extinction. Microcline is well represented. The plagio- 
clase shows an extinction of 10° and 4° on each side the twinning plane. 
The biotite is wholly unlike that in the Becket gneiss, and resembles 
closely the biotite of the mica-schists, with which it is associated. It is 
bright brownish-red, with strong dichroism and no tendency to change 
into green forms It shows parallel intergrowth with muscovite, and is 
surrounded at times with a band of muscovite scales. It incloses apatite. 

_ Muscovite appears only microscopically, and besides its association 
with biotite shows at times a beautiful microplumose structure. 

Apatite occurs in great abundance. Opaque iron ore, titanite, rutile, 
and zircon are wholly wanting. 


THE CONWAY SCHISTS, OR THE CORRUGATED MICA-SCHISTS. 
GENERAL DESCRIPTION. 


This widely extended formation (the upper portion of the calciferous 
mica-schist) is a dark-gray to black, quite highly graphitic muscovite-schist, 
so sharply corrugated that the foliation surfaces are often wholly lost in a 
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crumpled ligniform structure. The whole is often also largely contorted 
and full of white quartz veins. It is of such fine grain that the separate 
mica scales are just visible. 

It is very generally a “spangled schist,” oval or elongate biotite crys- 
tals being set transversely to the bedding, and over considerable area all 
parallel to a common plane, which seems always to be the plane normal to 
the direction of pressure at the time the crystals were deposited 

Garnet and staurolite are usually abundant, especially in the southern 
half of the area. In Cummington they become rare, and north of this 
town the staurolite disappears almost entirely, coincidently with the disap- 
pearance of the great granite masses. There is often an interlamination of 
more and less sandy layers, and in this case the more sandy layers lose the 
fine corrugation described above, but retain the spangles of transverse mica. 

Toward the east, where the mica-schist is entangled in the great masses 
of granite in Williamsburg and Westhampton, it largely loses the fine reg- 
ular corrugation in an extreme and irregular twisting and contortion, and it 
becomes of much coarser grain and barren of all accessory minerals except 
a few garnets. 

The cliffs just south of the locality for colored tourmaline on the old 
Weeks farm in Goshen (now Barras farm) are composed of a typical black, 
coarse, spangled, corrugated muscovite-schist. 

I have chosen Conway as the general type of this series because it was 
there first studied by President Hitchcock, and because it is there most 
calciferous and best shows the whole range of variety of the series. 

Through Russell, Blandford, Montgomery, and Huntington gray cya- 
nite is a common constituent. In the next tier of towns, Worthington and 
Chesterfield, it is not so common, but occurs in finer specimens of rich blue 
color. It is here not so regularly disseminated in the rock as farther south, 
but is in veins of coarse quartz, at times associated with apatite. 

In the same latitude, in Goshen and Williamsburg, zoisite is quite com- 
mon, and zoisite, cyanite, and staurolite disappear from the continuation of 
these beds north across Franklin County, parallel with the increase in the 
amount of limestone, though bowlders of zoisite abound in Shelburne. 

As a quite exceptional occurrence a large area of the schist on the hill 
north of Anson Johnson’s mill, on the Worthington-Chesterfield line, and 
not near any granite, is full of small black needles of tourmaline. 
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Across Franklin County the rock is a rusty, contorted, dark-gray mica- 
schist, with few garnets, rarely or never spangled with biotite, much twisted 
and full of quartz veins, and abounding in black graphitic and_biotitic 
limestone beds, often very impure. The ledges present, as a whole, a most 
uninvitingly ragged and dark, rusty appearance. ‘The rock is folded into 
a series of closely appressed folds in the broad area over which it extends, 
and it is not possible to unravel them and lay them down separately upon 
the map. 


SUBORDINATE BEDS IN THE CONWAY SCHIST. 


THE GNEISS BEDS. 


There are in several places in the dark schists light-colored beds of 
a fine-grained gneiss or feldspathic quartzite. The transition from the one 
rock to the other is very sharp, and in the strong folding the rocks have 
undergone the gneissoid beds are found in attitudes relative to the schists 
which suggest an intrusive origin of the former. The small phenocrysts 
of feldspar often show twin striation and quite regular outline, and the 
latter is true of the quartz and the red-brown mica. The groundmass is so 
fine as to give the whole the aspect of a trachyte, but with a strong lens it 
is seen to be sandy rather than felsitic, and in thin section it is seen to be a 
finely granular clastic mass, nearly all of small and rounded quartz grains, 
with much clayey dust, and clear traces of the enlargement of quartz grains 
and the later growth of the small feldspars and mica scales 

The most marked bed crosses the road a few rods west of the house of 
R A. Gates in northwest Leyden. It is 13 rods wide, runs a long way 
north and south with the strike, is generally regularly intercalated in the 
inclosing schists, but in places irregularly thrust into them, and is accom- 
panied by small parallel beds, a foot or less in width, which seem like off- 
shoots of the main bed. 

- It also occurs in Whately, just west of the village, and near the houses 
of G, Cowan (where the bed is 12 feet wide) and Mrs. M. Taylor, and in 
Chesterfield opposite the schoolhouse on the Clark road. 

There were apparently sudden transitions from the coaly clays to a 
fine calcareous sand, which have allowed the development of the small por- 
phyritic lime feldspars and only a very small quantity of dark mica. 
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THE WHETSTONE-SCHIST. 


This rock is a fine but very even- and sharp-grained, almost massive 
sandstone, with small scales of a deep-brown biotite, notched and irregular, 
and often inclosing grains of the quartz scattered distantly but very regu- 
larly in it. The biotite was of course formed where it now is, but the 
quartz grains seem to be pretty purely clastic. 

It occurs in distinct beds in the mica-schist, often of considerable 
thickness—33 to 262 feet. It generally grades into the mica-schist by 
increase of the size and change in the position of the biotite, and often by 
the appearance of garnet and staurolite. 

It occurs most abundantly in Chesterfield and Worthington, where the 
beds run for long distances with the strike, and where I spent much time in 
tracing them out, hoping to get useful material for the study of the struct- 
ure of the mica-schist. I have put them down on the map just as I found 
them, letting them end where the outcrop ends, and not generally connecting 
fragments unless it was quite certain they were continuous. In many cases 
one can see on the map that disconnected portions are probably continuous. 
In many cases the common schists were found after an interval in exact 
continuation of the whetstone. In a few cases this could be proved to be 
caused by small faults; farther north in Franklin County and east in the 
granitic area these beds are less distinct or wanting, with one notable excep- 
tion detailed below. 

The rock called whetstone in this section is not, of course, everywhere 
suitable for whetstones, though portions of the beds may be of the right 
texture for this purpose; indeed, these beds have been quarried for whet- 
stone for many years. Good quarries are found on the south slopes of the 
spodumene hill in Huntington; the best at B. Shaw’s in Cummington. 
They are called Quinnebaug stones, and I was interested to find them 
selling for 50 cents apiece, as the best stones obtainable, at a hardware 
store in Brattleboro, Vermont. 

Officers of the Pike Manufacturing Company, which owns quarries in 
Cummington and which controls the manufacture for a large part of New 
England, state that the founder of their business, Isaac Pike, operated quar- 
ries at Cummington about the year 1830. These quarries are not being 
worked at present (1892), though in the past they have sometimes produced 
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from 1,000 to 2,000 gross of scythe stones per annum. A new quarry, 
which is still worked, was opened in 1888 in Cummington.’ Hitchcock? 
reports in 1832 that mica-slate is quarried in large quantities in Norwich 
(now Huntington). 

The most remarkable band of this sort is encountered on the river road 
from Shelburne to Greenfield. The road where it runs farthest south, in 
Deerfield, crosses the band, which is here 300 feet wide, and its eastern 
outcrop is near a small schoolhouse. The next road north, which enters 
Shelburne from the northwest corner of Deerfield, crosses the same band 
with the same width, and it seems to make the whole flank of Arthurs Seat. 
It is a flat-fissile, fine-grained, light-gray, micaceous quartzite with a shade 
of red, which changes on weathering to pale green, and which recalls the 
sericite-schist. East of it, on the last-mentioned: road, is a black garnet- 
bearing and biotite-bearing schist, exactly like the upper bed of the Con- 
way schist at contact on the Leyden argillite farther north. 

Another interesting outcrop of the whetstone-schist is the band in 
Whately between the great hornblende band and the argillite. This is in 
places somewhat more micaceous and carries four thin limestone beds. 
The same bed comes out through the conglomerate of Mount Toby at 
Whitmores Ferry, in Sunderland. (See page 361.) 


PETROGRAPHICAL DESCRIPTION, 


Opposite school on road to Clarke towrmaline ledge, Chesterfield. Under 
the microscope the whetstone is a mass of angular quartz grains, manifestly 
clastic, with distant, regularly disseminated flakes of biotite with irregular 
outlines conditioned by the surrounding quartz grains. — 

Pale-green muscovite occurs in elongate scales. There is little coaly 
matter and the magnet shows no magnetite. A few stout elongated prisms 
with cross cleavage and rounded ends may be andalusite. 

Cummington, B. Shaw's quarry. Best quarry stone. Like the above, 
but of darker color, finer, and more even grained. Under the microscope: 
clastic quartz, more biotite, less muscovite, and much more coaly matter; 
no magnetite. 


1L, S. Griswold, Whetstones and the novaculites of Arkansas: Geol. Survey of Arkansas, 1892, 
pp. 24, 73. 
2Geol. Mass., 1832, p. 23. 
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THE LIMESTONE BEDS. 


Before the introduction of railroads these beds of impure limestone 
were of great importance, and they are fully treated by President Hitchcock 
in all his works on the geology of the region. ‘They are black, graphitic 
and biotitic limestones, not often above 30 feet in thickness. The bed west 
of Coleraine village and that in Whately are the thickest. They have been 
mapped for me with great care by Mr. William Orr, jr., of Springfield. 

They increase in number toward the north and toward the east, and 
are most abundant in Ashfield, Conway, and Coleraine, and they continue 
right up to the Leyden argillite, in which they are wanting. 

In the southern tier of towns occupied by these schists two very nar- 
row beds appear in Montgomery; in the next tier to the north none were 
found. In the next a few unimportant beds occur in Goshen. In the next 
tier they are abundant in Conway, etc., as detailed above. 

These limestone bands are generally capped above and below by a thin 
layer, 3 to 4 inches thick, of a black, compact, quartz-hornblende rock, often 
studded with well-formed black garnets ( o O), which are commonly called 
melanite, but which are a common red, lime-iron garnet, colored black 
by carbon. These bands have been formed at the expense of the lime- 
stone, and often one finds beds where the limestone has been altered 
entirely; and where a bed thins out to 6 or 8 inches it becomes wholly 
hornblendic. The mica in the limestone is arranged in rude spherical 
concretions of the size of a walnut, and these two structures explain 
(a) the curious “anvils’—the columnar and mushroom forms on square 
pedestals, which are so common in the limestone region—and (b) the 
rough, warty surface of these peculiar forms and of the weathered lime- 
stone everywhere. . 

The process of the formation of these anvils is as follows (see Pl. 
AXXIIT): Jointing separates a square block of the limestone, with its caps 
of amphibolite. The latter is more resistant, and weathering eats deeply into 
the limestone, forming anvils, stools, or, where only one band of amphibolite 
is preserved, columnar forms, warty from the projections of the mica con- 
cretions. ‘They are found most commonly in swampy places, where the 
solution of the limestone has been favored. 

President Hitchcock made many analyses of the limestone, which are 
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summarized below, excluding several from bowlders of the Hinsdale and 


Stockbridge limestones: 
Analyses of limestones. 


No. in cata- ] 
Date. Locality. aoe se Sp. gr. CaCo, MgSiO, SiO, Fe,0, 
lection. | > | 
1832-2.) Whately, purest. 202. s/ss-6e4--5 aes SNOOMM stam aeet oe lsseeyee oa cclhe serene. | 
183252 eq eWihatelys WOOrest.=—- |< seln6 s-scllaiseeteo.- ClO eee ctor alae Setersan clic ones « 
1832....| Conway line, compact.|..........|.....---. DO MOOMM EMS Esse lees, cee se Sia caceccon. | 
1833....| Whately ....-. wanes 9 eee eae. Pe Nes Te OUR RCS Pree |! | 
1SS5see es PS OULMAM PUOMsateaeae alse ee se/lectee ays AGHODS |an decor Sac ae ese eee Pea eee! | 
1835....| Williamsburg bowlder.|..........|..-.---- A Sor ee cee ea ee | 
1838....| Southampton........../.-.--..--- UE ah! Dass Se, ee a ae ea a aes | 
1838....| Norwich, micaceous 
(SEAN) Moessinsse sca = 188 2.79 DOROWER ele ane s= ¢ Meme me Tiago essa 
1841....| Whately, crystalline | 
Caray yo eee hee Meo: 4 PNTS shee 66/00 Pic. lose: Re S400" S20 oc. 
IS4ie cap Whatelye sos faaee 5) 1916 | 2.72 64. 66 5.01 28.7 1.54 | 
1841....| Norwich, micaceous | 
(OTray )ys- see a ee 2503 PS) Be Eo VER emer ee cacc AG i 2U seer a. soe 
1841....| Ashfield, micaceous-..- 92 0 aelees- ree ars 64. 85 1. 60 50. 00 1.55 | 
oh Weer ts lesa MO ee eemaciess cee USD Bal meee 45.13 3. 50 48, 57 2.70 | 


THE AMPHIBOLITE BEDS. 


THE CONWAY BED. 


The geological maps of Vermont and Massachusetts represent a very 
broad band of hornblende-schist crossing Guilford, Vermont, and Leyden 
and Shelburne, Massachusetts. This I could not understand, as I could find 
only a narrow band crossing Shelburne. Later, my assistant, Mr. William 
Orr, jr., traced the bed carefully across the Greenfield quadrangle and found 
that it widens in the southwest corner of Guilford so as to cover a half mile in 
area and attains a possible thickness of 2,000 feet. It narrows rapidly at 
West Hollow Brook, and seems then to be interrupted for 3 miles to a point 
14 miles east of Coleraine Center. From this point it is continuous south for 
11 miles to a point a mile east of Conway. It is best studied in Brimstone 
Hill, in Shelburne, where it is 10 rods wide, and a few rods west of the 
Conway: railroad station. It is generally a shining black, thin-bedded 
rock, but at times the content of hornblende lessens and the rock becomes 
gray. In its continuation northward in Vermont it becomes porphyritic 
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and resembles the Heath band in the Goshen schist. As it crosses Shelburne 
and Conway it resembles the Shelburne Falls and East Charlemont band, 
though lacking the abundance of pyrite in the latter (see Pl. VI, fig. 2). 


THE WHATELY BED. 


The other and more important band of amphibolite comes out from 
beneath the sands of the valley in Whately with a width greater than that 
of the former band at its widest, and runs with increasing width southwest 
across this town and into Williamsburg, to abut against the great block of 
granite in that town. 

In massing the evidence for the batholitic character of this granite I 
have, on page 310, mentioned the series of isolated patches of the schist 
found for many miles as inclusions in the granite along an area extending 
southwest in the line of strike of the bed across Roberts and Sawmill hills, 
in the north part of Northampton, and parallel with the similar inclusions of 
limestone and mica-schist. Several of these are marked on the map. It is 
very singular that if the line of this series of inclusions of the hornblende- 
schist be continued south still farther it would cross the site of the Loud- 
ville lead mine. This gives a curious interest to the following extract: 

Serpentine occurs at 723 feet from the entrance of the adit at Loudville (South- 
ampton), containing very red quartz embedded in various directions. It is very com- 
pact and mostly green. Here it is but 3 feet thick. About 670 feet is beautiful green 
soapstone.! — d ; 

There are, so far as I know, no specimens extant of the rocks men- 
tioned, and the adit has been closed many: years. 

The fact that the hornblendic rock here discussed shows elsewhere no 
tendency to change to serpentine or tale lessens the probability that they 
are the same, and I have been disposed to refer this occurrence to the older 
serpentine connected with the Chester amphibolite. 


THE WHITMORES FERRY BED. 


Far out in the middle of the Triassic area, where the western foot of 
Mount Toby meets the Connecticut River, is a remarkable outcrop of 
amphibolite and whetstone-schist, projecting through the Mount Toby con- 
glomerate in a most unexpected way. The proofs of the identity of the 
amphibolite with the Whately bed are given in the petrographical descrip- 


1 Amos Eaton: Am. Jour. Sci., 1st series, Vol. I, 1818, p. 137. 
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tion following, and the curious relations of the bed to the base of the 
Triassic are discussed in Chapter XII, under the head of “The Mount Toby 
conglomerate:” 


PETROGRAPHICAL DESCRIPTION OF LIMESTONE AND AMPHIBOLITE. THE LIMESTONES. THE ANVILS. 
THE PASSAGE OF LIMESTONE INTO AMPHIBOLITE. 


(a) Carbonaceous limestone from Whately. From the mass at the bridge 
west of the village, thrust up through the argillite (described on p. 196); a 
dark-gray, nearly black, compact, traplike rock, weathering deeply to a 
red-brown, porous and friable mass. 

Under the microscope it is seen to be a granular mixture of quartz 
and calcite, the latter often multiple-twinned, and the whole darkened by 
coaly matter in fine grains. In this groundmass are developed varying 
quantities of muscovite and biotite, the latter more loaded with coal dust 
than the general mass, indicating early crystallization, when the whole 
was more coaly. | 

(b) Micaceous protuberances on the limestone anvils from Goshen (?). (See 
Pl. XXXII) This section was cut from a small warty protuberance, an 
inch across, from the central limestone portion of an “anvil,” which stands 
in front of the geological building at Amherst, to determine the cause of 
the regular projections on the weathered surfaces of the limestone portion 
of the “anvils.” On the fresh surface the projections appeared exactly like 
the rest of the limestone. Under the microscope there proved to be in 
them considerable accumulations of a greenish muscovite, with here and 
there a few scales of red biotite. The muscovite was filled with needles 
of rutile. There was also considerable feebly pleochroic hornblende in 
notched plates. 

(c) Base of same anvil. 'This seems to have been a passage bed from 
the sandstone to the limestone. It is nearly 4 inches thick, and is made up 
of a green, fibrous, matted hornblende, filled with quartz grains which are 
in part rounded and apparently original, in part turberculous and caused by 
secondary infiltration, and in part in scales so sharply angular that they may 
have been crushed in place. Very many of these quartz grains are crowded 
with coal dust in the center and are clear outside, indicating secondary 
enlargement, and the same is true of the large hornblendes. A few much- 
corroded grains of calcite remain, There are also grains and well-formed 
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crystals of titanite, wine-yellow and colorless, in considerable number, 
which sometimes contain grains of black ore, thick prisms of rutile, often 
with dark border, rust, and a little coaly matter. The centers of the horn- 
blende blades are often red-brown, the outside green, and they seem some- 
times to be built up around plates of biotite, but more often the color shades 
off indefinitely at the edges, and is peculiar to the hornblende. The horn- 
blende has weak pleochroism ¢>bh>a; ¢=green, h=olive, y=yellow. 

The large white porphyritic spots, 2-3™™ across, are so loaded with 
opaque white dust, muscovite scales, etc., that it is generally only possible 
to make out a mosaic of untwinned feldspar and quartz grains, and, in 
the absence of cleavage and twinning, to make sure that the mineral is in 
part biaxial. In one large grain, cut parallel to M (010), an optical axis 
emerged at the lower left-hand border, indicating anorthite, and where 
twinning occurred the extinction angle was very large, giving the same 
indication. 

(d) Rim of a similar “anvil” from Plainfield. (In the collection of 
Amherst College. See Pl. V, fig. 1, p. 802, for section.) In the matted, 
green, fibrous hornblende, greatly darkened by rust and coal dust, are 
many scales of a greenish mica, garnets with the same radial inclusions as 
in the West Chesterfield schist (p. 182), curious long red prisms of rutile, 
matted fine white needles with longitudinal extinction, apparently zoisite, 
and a fine plagioclase, extinction 26°, loaded with coal dust, but with clear 
border. In other cases sections cut at right angles to both cleavages gave 
an extinction of 38° to 45°, indicating a very basic feldspar 

It is significant, as connecting these beds with the porphyritic amphibo- 
lites, that rounded clear spots of impure plagioclase appear, from which all 
the dark constituents are excluded. 

The slides of black hornblende-schist or amphibolite last described, 
cut from the thin plates of the rock which borders the limestone beds, and 
which have manifestly been derived from the limestone, furnish abundant 
proof that some amphibolite beds may originate from limestone. _ 

The thin beds of amphibolite of exactly similar habit with the above 
and found in the Conway schists have clearly the same origin, the change 
having reached the center of the former limestone from each side. These 
beds have commonly a thickness of 6 inches to 1 foot. 

(e) The amphibolite at the brook crossing in Whately. (See Pl. V, fig. 3, 
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p. 302, for section.) The amphibolite at the brook crossing is thrust forcibly 
up through the argillite, together with the black Conway limestone, as 
described on page 196. It shows in many ways a transition between the 
narrow bands of hornblendic rock which form selvages to the limestone 
beds, as described above, and the larger bed which is the subject of the 
next chapter. 

Tt is a dull, dark-green, massive rock, which shows with a lens the 
usual interlacing network of actinolite blades, with rare open white spots 
composed of a granular feldspar, much changed to mica The feldspar is 
optically positive and has extinction +64° on M (010), and so is an oligoclase. 

The hornblende is peculiar in two ways. It has a brown center and 
grades through green to colorless at the ends of the blades The brown 
is like the cummingtonite found in the Conway schists farther west. It 
has low absorption colors. The brown shows ¢ = greenish brown, t= red- 
brown, a= pale brown; the green, ¢= blue-green, b = pale green, a = pale 
yellow: ¢>t=a. The blades are fibrous and often twinned, and give 
extinction 14° to 17°. 

The second peculiarity of the hornblende blades is that the brown 
centers often show dark-brown bands situated. in the basal parting and 
sending out long, straight needles in both directions parallel to the vertical 
axis, which makes them look like combs with teeth directed both ways. 
These straight needles are also abundant everywhere in the hornblende 
_ and in the feldspars and seem to be rutile. A “hof” surrounds the larger 
comblike accumulations and dims their outline 

Other hornblendes are built up around red biotites filled with coaly 
matter. A few grains of calcite occur, and the black ore grains show no 
trace of leucoxene. 

This agrees so nearly with the calcite-derived amphibolite described 
above that one must assign to it the same origin. Its close association 
with the limestone strengthens this conclusion. It is, however, not cer- 
tain that this bed is part of the large bed next described, though highly 
probable. 

(f) The great Whately amphibolite. This bed, which extends as a broad 
band across Whately and Williamsburg, is for the most part a very fine- 
grained, black, fissile rock, and in sections cut from the north end of the 


bed the hornblende is present in a network of long blades with strong 
MON XXIx——13 


194 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


absorption and pleochroism; extinction, 16° 30’. These lie in a mosaic of 
untwinned feldspar grains. Menaccanite and leucoxene are abundant, and 
in slides from the south end of the bed in Williamsburg (south of P. M. 
Gillett’s) each grain of menaccanite is surrounded by a single crystal of 
leucoxene, and these often have the regular wedge-shape of titanite. 

Kast of C. Bardwell’s the rock abounds with white spots which prove 
to be a quartz-feldspar mosaic, greatly crowded with many impurities, but 
with clear borders. The hornblende is in sheafs and bundles of fine fibers, 
which partly coalesce into stout crystals, so that the transverse parting runs 
across the bundle and the center polarizes as a single individual. The cen- 
tral portion of these large crystals is full of coaly particles. Pleochroism 
and absorption are weak. Biotite and rarely a congeries of grains of 
leucoxene occur. This occurrence agrees clearly with the hornblende- 
schist derived from the calcite beds described above, and I assign this origih 
to all the hornblendic beds in the Conway schist, particularly as limestone 
is abundant and all other traces of basic eruptives are wanting. 

All these rocks share with the accompanying micaceous schist the pecul- 
iarity that the centers of the larger phenocrysts are full of coaly matter or 
fine quartz grains, indicating that both have together passed through two 
stages in the metamorphic process. : 

This peculiarity is wanting in the similar amphibolites of the Bernards- — 
ton series (see p. 291), with which I would compare these rocks. The latter 
series, though of later age geologically, is more metamorphosed and differs 
in the more abundant development of the clear mosaic of untwinned 
plagioclase, but in no other way. They have the same field relations, 
the amphibolite being always interbedded in the schists. They have the 
same abundant actinolitic hornblende, biotite, ilmenite with leucoxene, 
rutile with dark border, and basic plagioclase, and range from massive to 
slaty varieties. 

At Mrs. M. Taylor’s, in Whately, the rock is fine-grained and thin-fissile. 
Its long, thin hornblende needles have low absorption and pleochroism, and 
lie in a feldspar mosaic. A great number of titanite grains inclose one or 
more grains of black ore. For section, see Pl. VI, fig. 1, p. 306. 

(g) The Whitmores Ferry amphibolite. At Whitmores Ferry, in North 
Sunderland, in the midst of the Triassic shales, arises an outcrop of a dark 
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amphibolite, easily mistaken for the bituminous shale, and exactly resem- 
bling the above amphibolite, especially in having the highly refringent 
grains, each inclosing one or more rounded grains of a dark ore, which is 
here slightly brownish. The agreement, macroscopic and microscopic, is 
so perfect, and the rock is chemically so nearly identical with the Guilford 
band of amphibolite in the Conway schist farther north, as shown by the 
analyses below, that one can not doubt that the Whately amphibolite is 
continued in the line of its strike northeast beneath the sandstone to the 
Whitmores Ferry outcrop.’ The association with whetstone-schist in both 
places strengthens the probability of their identity. 

The agreement of the three analyses given below is sufficiently close 
to strengthen the opinion maintained above that all these hornblendic rocks 
have been derived from limestone beds. 

(h) The Guilford band. (For section, see Pl. VI, fig. 2, p. 306). An 
inspection of the map (Pl. XXXIV) will show this extensive bed, beginning 
in Conway and running continuously across the northern half of the State 
and widening suddenly as it crosses into Vermont. Its stratigraphical 
relations do not preclude the supposition that it may be a great dike. Lith- 
ologically it is like many beds of the Chester and Hawley series. Its 
cleavage surfaces show many black hornblende needles of high luster in 
a mat of finer needles. Its hornblende crystals are not filled with grains 
of coal or earlier constituents, as are the other Conway beds, and also 
the Bernardston beds. The most marked peculiarity of this band is the 
presence in the slide of many deep red-brown rutiles clustering around 
black ore grains. The feldspar seems to be albite, with which the content 
of soda agrees. 


ANALYSES OF THE AMPHIBOLITES. 


I. Guilford, Vermont. Shining-black, thin-bedded amphibohte. 

IJ. Whitmores Ferry, Sunderland. Outcrop in the midst of the Trias. 
Very fine-grained, dull-black, shaly amphibolite. 

III. Goshen. Base of largest “anvil,” from which slides described 
above (p.191) were taken. A quartz-hornblende rock, formed by the alter- 
ation of the limestone by reaction of solutions derived from the inclosing 
schists. For general discussion of analyses see page 300. 


1 See p. 361. 
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Analyses of the amphibolites, by L. G. Hakins. 


I ist I 

SiOs .cde ects te ene ee 49.16 | 49.86 | 55.64 
TIO tide Leet ss ee ee, 1.08 | » 1.58 50 
‘A1,O) dc. ee 16.43 | 15.50 | 16.27 
CGrOs, st abs Se ce dee sau cea eee tTACOS as adcl5secleoen sete ee 
FesOy inocu eee ae 3.92 2,99 1.22 
Fe0[5. Scere ee et eee ee 7.19 8.01 7.20 
MnO 22s bes Peele oe 23 07 28 
BaQ tos o-cied Saree ee toe eee ere ee eee . 02 bTACE! | i223 st5 Suet 
CaOi anc i dooce Olea te a eo 9.21 8.89 9.23 
MipO-3. 022, ices ae ee ee 8.19 7.79 5.58 
Ky0.21. ee RE a CO eee 41 72 19 
NasO.. 2. hueh vues tes eee ae ee 3.70 3.26 91 
HO. 052 lena ke ee 45 1.51 3.11 
Pig ec lr re ae ee eee 1 23 

100.10 | 100.29 | 100.36 


PROJECTION OF THE LIMESTONE AND AMPHIBOLITE OF THE CONWAY SCHIST 
THROUGH THE LEYDEN ARGILLITE IN WHATELY. 


Following the road west from the hotel in Whately, one comes in a 
few steps upon a bridge over a small brook, and to the north across the 
brook a fresh surface has been exposed in the bluff by blasting. An inspec- 
tion of the wall reveals small spots of pyrite as the probable cause of the 
blasting, and, what is of greater interest, one soon finds that a small boss 
of the black limestone and the amphibolite of the Conway series, both of 
which are in place a considerable distance to the west, has been here 
thrust up through the argillite with great force. The argillite dips away 
from the limestone on both sides and mantles round its end, as shown in 
fig. 11. cue 

A few rods up the brook, on the other side of the road, several similar 
bucklings of the limestone and hornblende rock up through the argillite 
may be seen. This shows, of course, that the Conway mica-schists are 
carried far beneath the argillite and thus are older than it. The amphib- 
olite and the limestone are identical with those farther west in the Conway 
schist and are described above. As an indication of the force with which 
the limestone was thrust up through the newer rock, there follows a 
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description of a vein of hard, vitreous quartz 7 inches in width, which runs 
across the face of the limestone; it is represented in fig. 12, p. 198. 

The large vein is twisted and the limestone is kneaded into the com- 
pact quartz and drawn out into long filaments carried down into the center 
of the vein and pinched off in it, and the smaller veins are contorted still 
more remarkably. The limestone | 
has received a marked fluidal 
structure in the apophyses, which 
penetrate the quartz throughout 
its whole mass in curving bands, 
which fit themselves with more or 
less success to the complex surface 
of the vein. Under the micro- 
scope the limestone shows all 
stages in the development of a 
cleavage by slipping caused by the 
pressure (Ausweichungsclivage of 
Heim.'), Portions of a thin section 
cut at right angles to the cleavage 
plane break up into a series of very 
long, thin wedges, placed with their 
cutting edges pointing alternately 
in opposite directions. Each wedge 
shows a fluidal structure, expressed Fic. 11—Map showing the protrasion of the limestone of the 
by ate bending Of the lines ae eoal Conway schist through the Leyden argillite. Whately. 
particles toward its head. This slipping of the wedges alternately to right 
and left concentrates the coaly particles somewhat along the boundaries of 
the wedges, by which they themselves become more distinctly defined, and 
at last confluent into a new plane, marked at once by a cleavage and a 
color banding. 


———=., 
————SS===.. 
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Hornblende Schist [ea] Covered. 


CONTACT METAMORPHISM OF THE LIMESTONE BY GRANITITE. ARGENTINE. 


A very interesting exposure occurs on the river road from Leeds 
to Haydenville, near the junction of the biotite-granite (granitite) and 
the muscovite-granite. The former is very confusedly melted into the 


‘Untersuchungen tiber den Mechanismus der Gebirgsbildung, Basel, 1878. 
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remnants of mica-schist which occur as inclusions in the great granite 
mass, and at one point appears a grayish-white, massive, fine-grained rock 
which proves under the microscope to be a labradorite-pyroxene-calcite 
rock. Treated with acid, it leaves a glassy, friable mass, in which scales of 
graphite and needles of bright-green actinolite are visible. 

Under the microscope it shows an abundance of calcite, multiple 
twinned; labradorite, extinction 14°, often doubly twinned; and large color- 


Fia. 12.—Surface of black limestone with contorted quartz veins. Whately. Scale, 4s. 


less pieces of pyroxene, extinction 41°, inclosing many grains of the other 
constituents. Rounded grains of titanite occur. This may be referred to 
the graphitic limestone of the Conway mica-schist altered by the granite, and 
this, in connection with the long distance across the granite area that one 
can follow the hornblende-schist (see p 190), leads one to conclude that the 
mica-schist fragments in the granitic area in Williamsburg are also remnants 
of the Conway schist, and that the “argentine” occurrence in the midst of 
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the granite still farther south, on the Westhampton line, is another remnant 
of the same limestone from the Conway schist which formerly mantled over 
the granite.' The inclusion is still partly micaceous limestone. 


CLEAVAGE IN THE CONWAY SCHISTS. 


In the flags, or Goshen schists, the original lamination seems to be gen- 
erally preserved. In the Conway schists a distinction can be made between 
the eastern half of the schists in the granitic area, where the impregnation 
of granite and quartz and the great contortion leave one at times in doubt 
as to the origin of the foliated structure, and the western or lower portion, 
where the fine crenulation or corrugation produces a ligniform structure in 
which strike remains distinct but dip becomes quite uncertain. 

Without searching far one can generally find a banding of coarser and 
finer material—a bed of limestone or whetstone-schist—and then generally 
will find the foliation to agree with the original lamination. This is beau- 
tifully seen at the dam in Huntington village. Standing at a distance, the 
laminze, from 2 to 14 inches in width (average 6 inches), are each bounded 
by a black band at the bottom, 2 to 3 inches wide, which shades off above 
into the lighter portion, the whole making exactly the impression of a lam- 
inated sandstone, the lower part of each being fine-grained and clayey, the 
upper part coarse and sandy. On inspection the lower portion is found 
to be dark from the abundance of garnet, biotite, staurolite, and cyanite, 
while the light portion is sandy and contains only scattered garnets. 

What seemed at a distance to be true was doubtless once true, and the 
lower portion of each layer, being argillaceous, has given rise to the alumi- 
nous minerals wanting in the sandy portion of the layer. <A part of the 
dark color also depends upon the fact that the new-formed minerals have 
often inclosed much coaly matter that might otherwise have been carried off. 

At other places precisely the same structure enables one to detect a 
well-developed cleavage. This is the case along the western of the two 
roads going south from Chesterfield Center, and on the east-west road a 
mile south of the village. 

This is finely illustrated also along the east side of the road going south 
from Stevens’s mills, in Worthington, in a field abounding in most beau- 
tiful roches moutonnées. The rock is a dark, corrugated mica-schist. The 


'See “Argentine” in Mineralogical Lexicon: Bull. U. S. Geol. Survey No. 126, 1895, p. 43. 
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lamination is marked by alternations in color, in bands 1 to 6 inches 
thick, exactly as described above. A dike of tourmaline-granite coincides 
in position with this structure; strike N., dip 70°-80° E. 

The cleavage is indicated by a bedding which comes out by weather- 
ing, and along which alone the rock splits easily, and membranes of mica 
are developed. This strikes N. 40° E. and dips 25°-30 W. There is in 
this last structure a cleavage changing into a foliation. 

In general cleavage is subordinate in these schists, and usually where 
it occurs the strike of the primary and secondary structures very nearly 
coincide. 


FOSSILS (?) OF THE CONWAY SCHISTS. 


In many places cavities coated with rust are found in the quartzose and 
slightly calciferous beds in the schists, which I have no doubt represent 
fossils, but which, in every case that has come to my knowledge, are so 
poorly preserved that it is possible to explain them as due to the removal 
by solution of some mineral, possibly calcite. The mode of occurrence 
suggests, however, that a large number of small, flat bivalve shells, 5-25™™ 
long, were deposited, all lying flatwise and about equidistant in the sands 
which have now become the whetstone-schists. In a bowlder found on 
the railroad in Worthington these cavities were flattened, nearly round, 
5-7™™ long. 

West of E. B. Drake’s, in the northwest part of Chesterfield, the cavities 
are about 15-25™" long, flattened oval, and in many cases two such impres- 
sions lie side by side joined by a straight line, strongly suggesting the opened 
valves of a leperditia like L. baltica. They are flat, rust-covered cavities, 
and in one fresher part of the rock are represented by darker spots, all 
arranged parallel to the bedding plane of the rock, and having the same 
shape as the cavities. These dark-gray spots seem to be only spots in the 
sandstone. They effervesce much more abundantly than the rest of the 
rock, and seem to be flattened concretionary patches of a calcite darkened 
by carbon. 

At the Clarke tourmaline ledge an exactly similar occurrence is found, 
only the cavities are a little larger. 

At B. Shaw’s whetstone quarry, in Cummington, is a bed of the whet- 
stone about 15™™ thick, full of closely approximated tubular cavities 2-3™™ 
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in diameter and parallel, which suggest scolithus, but which are parallel to 
the bedding. 

All these specimens were submitted to Mr. C. D. Walcott and other 
paleontologists, but they could not decide that any of them were certainly 
of organic origin. 


THE LEYDEN ARGILLITE. 


DESCRIPTION. 


The rock is in its whole extent of uniform texture and structure—a 
dark-gray and very fine-grained slate with glistening cleavage surfaces, 
dull-black when broken across the ends, and generally crumpled and corru- 
gated to the extreme of complexity. It is remarkably barren of all acces- 
sory minerals, and this has been taken as a characteristic to distinguish it 
from the Conway schists, though in places small garnets and biotite scales 
are scattered sparingly over its cleavage surfaces. Slaty cleavage is devel- 
oped in it in every degree. Thin sandy layers often show the original 
bedding after the rock has been crumpled up into sharp folds and the 
cleavage perfectly developed outside these layers, and the rock can still be 
separated along these into thick plates fluted and folded in the sharpest 
curves, and at the ends of the plates the slaty cleavage is seen to cut across 
the slab and to divide it into thin, flat laminz regardless of its convolutions. 
Moreover, the importance of the shearing force in the development of cleav- 
age can often be beautifully seen, the fine, close-set and equidistant corru- 
gations becoming sharper and changing from folds into faults, and the 
elements between these faults being flattened out, with some degree of flow 
of the material, into the cleavage plates. 

A remarkable block found (not in place) at the outcrop nearest and to 
the west of the lower quartzite of the Williams farm in Bernardston may 
find mention here. A mass of chlorite-slate 3 inches wide cuts across the 
argillite exactly like a dike. Itis bounded by parallel planes and is sharply 
demarcated from the aryillite, and while both are cleaved perfectly at right 
angles to the plane of the dike, the plane of cleavage in the green schist 
makes a small angle with that of the argillite. One can not well avoid 
surmising that a small diabase dike has been here very curiously metamor- 
phosed, but the microscope shows only matted chlorite and muscovite scales, 
quartz, and geniculate rutiles, the latter visible also with the lens. 


bd 
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The argillite is characterized by a great abundance of quartz nodules 
and bosses, often of great size, which, though not wanting in the Bernards- 
ton series, are there comparatively unimportant. 

On the road from Greenfield to Charlemont, above Fall River bridge, 
the argillite is a fine-cleaved roofing slate for a long distance by the road- 
side, almost as fine a slate as that at the Guilford quarries in the town next 
north in Vermont. 


QUARTZITE IN THE ARGILLITE. 


On the road north from Bernardston, at C. Cushmore’s, is a heavy 
layer of a dark, thick-bedded quartzite about 33 feet thick, and a little far- 
ther north, at I. K. Brown’s, is a crumpled, thin-bedded quartzite. 

Just over the State line to the north, near the Guilford slate quarries, 
the argillite is replaced by a fine-grained quartzite, which President Hitch- 
cock called a novaculite-schist and found to be a quarter of a mile thick.1 


PETROGRAPHICAL DESCRIPTION. 


The mass of rock is made up of minute, elongate, brightly polarizing 
muscovite microlites, often raveled out at the ends and with wavy sides, in 
an amorphous background. Clay-slate needles are only doubtfully present. 
Stout elongate forms, opaque by transmitted and curdled white by reflected 
light, seem to be leucoxene derived from menaccanite. Magnetite and 
calcite are wanting. There is much coaly matter in swarms of black 
dots, and rarely a biotite scale placed in the plane of cleavage. Often a 
strongly marked pseudo-fluidal structure, expressed by the position of the 
elongate muscovite crystals, indicates clearly the mode in which pressure 
has produced this cleavage. 

Microscopically the rock is thus a very fine-grained, argillitic mica- 
schist or phyllite, and it differs much from the true argillites, e. g., the 
cleaved slates of Snowden, Wales, or the slates of Hoosick Falls, New 
York, with which I have compared it. I have followed custom in applying 
the name argillite to the band of rock, somewhat in a geological sense. 

The rock sometimes contains small garnets in considerable number, and 
these are often changed wholly or partly into small white balls of kaolin, 
or kaolin and hematite. The kaolin was infusible and gave blue color with 


1Vermont Report, Vol. I, 1861, p. 490. 
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cobalt, and no reaction for potash. The mass of kaolin does not quite fill 
the cavities. These occur north of the Devonian limestone in Bernardston. 


STRATIGRAPHY. 


The rock is crushed into sharp folds and finely corrugated, and where 
sandy layers are wanting the primary structure may be replaced wholly 
by the cleavage; in other places it is brecciated and thrown into con- 
fusion. Everywhere the strike and dip vary suddenly and within 
wide limits. About N. 20° E. may be the average strike, and 60° E. the 
average dip. _ 

A comparison of hand specimens, and especially of sections of the 
three rocks, shows that the ‘argillite,” while a distinct mica-schist, is far 
less thoroughly metamorphosed than the schists in the Helderberg series, 
and from this criterion alone one would consider it the newest rock in the 
whole area. That it is newer than the mica-schists to the west and older 
than the Helderberg series seems to me in the highest degree probable, and 
also that the two older groups are Paleozoic; but I can find no very con- 
vincing ground for their assignment to a definite horizon in the Paleozoic. 


BOUNDARY ON THE CONWAY SCHISTS. 


At Beaver Meadow, in the northeast corner of Leyden, one finds the 
point of contact just at the foot of the mill dam. The black, barren argil- 
lite has strike north to south, dip 70°-80° E., all the way up from Fall 
River, a mile east, and often shows true cleavage. Here several thin, 
rusty beds appear, and quite suddenly the rock becomes slightly coarser 
and full of very small spangles and transverse crystals of biotite; and three 
thin beds of black limestone occur in quick succession. The boundary is 
best drawn at the first bed of limestone, just at the dam, but for 300 feet 
below the rock is black, fine-grained, finely double-corrugated, and differs 
_ mainly in the minute mica spangling from the argillite lower down the 
brook, and for a little way above this limestone much of the rock can 
scarcely be distinguished from the argillite. It is, however, a little coarser, 
rusty on cleavage faces, and spangled on transverse fractures. It is thus a 
rather gradual transition, and President Hitchcock was often in doubt 
about the existence of any boundary whatever. 

Exactly the same transition occurs between the two beds at all places 
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where the boundary can be studied. At the base of the argillite one finds 
minute spangles of mica; a few feet below comes limestone, and then the 
rock quickly grows coarser, mica-spangled, and garnetiferous. This is well 
seen toward the south end of the boundary line, in the southeast corner of 
Coleraine, near the house of D. Nelson: 

In the Whately area the transition is almost ee the same, but a 
heavy band of white quartz marks for a long distance the exact boundary, 
and there is probably a fault there. I have found nothing along this bound- 


ary which would suggest the existence of unconformity between the two 
beds. 


ARGILLITE IN THE WESTERN BORDER OF THE “‘GRAPHITIC MICA-SCHIST” 
(GOSHEN SCHIST). 


An inspection of the map of the Vermont survey of 1861 shows a broad 
band of argillite, bordered on the west by Devonian limestone, extending 
south from Lake Memphremagog, and thinning south and disappearing 
midway the State. 

Along the west border of the Goshen schists, where they enter Massa- 
chusetts, in Heath, is a band of thin, black slate that looks exactly like the 
metamorphosed Carboniferous slate from Worcester, and which seems to be 
the continuation of the Memphremagog slate. Farther south it is indistin- 
guishable from the ordinary Goshen schists, except across Worthington, 
where a band, 50 rods wide at the base of the schists, is a fine-grained, 
barren, flat-fissile schist, unlike the garnetiferous schist above and the horn- 
blende-schist below. These beds are described in some detail in. following 
down the western border of the Goshen schist (see page 179). I have 
treated them as the base of the Goshen schists, and think this the most 
probable view. There is no satisfactory reason for identifying the two 
argillites. The western seems inconstant, and does not appear in the Goshen 
anticline. 


RELATIVE AGE OF THE CONWAY SCHIST AND THE LEYDEN ARGILLITE. 


An examination of the comparative sections on page 258 will show 
that the first discrepancy of importance there indicated is in regard to the 
relative positions of these two series, the argillite being regarded as the 
lower and assigned to the EU by Professor Hitchcock. 
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The Leyden argillite, as it runs north through Vermont, borders and 
everywhere rests upon the Conway schist, where they are not vertical.!. In 
the discussion of the argillite in the Vermont survey it is placed, without 
hesitation, above the schist; indeed, is still associated with the limestone and 
assigned to the Devonian.” In the Geology of New Hampshire, Professor 
Hitchcock has shown that the ‘‘calciferous mica-schist” dips beneath the 
argillite clear across the State. 

The much more pronounced metamorphism of the schists, the abun- 
dance of great granite veins containing rare minerals, as well as the long 
series of minerals found in the schists themselves, may be contrasted with 
the barrenness and low degree of metamorphism of the argillite as indicat- 
ing that the schist is the older rock. The microscopic description of the 
two rocks may be compared from this point of view. 

The locality at the brook west of Whately village (see page 196) is 
also a decisive one in reference to the question of the relations of the two 
rocks under consideration. That the triangular area of argillite occurring 
here is a continuation of that in the Bernardston area is quite certain, in 
view of their complete identity, and has not been doubted by anyone; and 
that the black limestone, with its border of hornblende rock, is the common 
limestone of the lower formation is equally clear; but the latter is here 
thrust up through the argillite in a knob, like a button through a button- 
hole, and the argillite mantles around it and dips away from it on all sides, 
and this is far out in the middle of the argillite, showing that the latter is 
underlain by the Conway mica-schist, which dips under it on the west. The 
relations of the two are indicated upon the sketch map (fig. 11, p. 197). 
A few rods farther south, and on the opposite side of the road, the limestone 
again buckles up twice through the argillite. 


CONTACT METAMORPHISM OF THE LEYDEN ARGILLITE BORDERING THE 
TONALITE OF HATFIELD. 


A band about 1,300 feet wide, bordering the tonalite on the west, 
commencing in the woods west of the school south of Whately village 
and extending southwest across Hatfield to its southwest corner, shows on 
the exact contact a narrow band of green sericite-gneiss, and outside this a 


! Geology of Vermont, Vol. II, 1861, Pls. XV and XVI. 
2Tbid., p. 497. 
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very broad band of chiastolite-schists, grading through pimpled schists 
into the ordinary slate. 

The argillite is itself, in its normal condition, a highly crystalline rock, 
approaching the mica-schists and widely removed from the more normal 
‘“argillite,” like that of Hoosick Falls, New York. Much of it is pimpled 
on cleavage surfaces and comparable with the knotenglimmerschiefer of 
the Germans. 

THE SERICITE-GNEISS. 

This rock may be best studied above West Brook village, on the south 
line of Whately. In the pasture just north of F. Bardwell’s the contact of 
the two rocks can be followed for a long distance, and the argillite extends 
in a long point south into the granite; and farther south, in the line of con- 
tinuation of this point, are several masses of the argillite wholly surrounded 
by tonalite. The southern of these rises in a vertical wall just east of a 
small pond in the pasture, and here the exact contact can be studied. The 
specimens described below were taken from this place. 

The rock at contact is a true sericite-gneiss. The foliation faces have 
a dull-green, serpentine-like surface, slickensided and with greasy feel. 
Broken transversely the thick sericite layers fold around small, white feld- 
spar grains; other layers run into white quartzite on one side and into a more © 
micaceous and less feldspathic rock on the other. Both varieties resemble 
exactly the Taunus sericite rocks and are unlike the sericite or hydromica- 
schists of the west border of the county, where the mica scales are much 
more distinct. 

Under the microscope the fine-matted felt of a micaceous mineral 
(sericite) makes a background in which are scattered many wisps of green 
chlorite; bright, highly refracting, rounded grains exactly resemble zircon, 
and large, almost wholly decomposed feldspars. The latter are wholly 
opaque by transmitted light and rusty white by reflected light, and often 
show regular eight-sided crystalline cross-sections. When very thin and 
very highly magnified these sections allow the light to pass through in 
thin, distant, parallel slits, arranged at times at right angles, at times at an 
angle approaching that of the prismatic cleavage in feldspar. This seems 
to come from thin bands of the feldspar still undecomposed. The zircon. 
contains large bubbles. 
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Fic. 1.—Leyden argillite changed to chiastolite-schist in contact on tonalite. Only the black cross of 
the chiastolite remains. The crystals have been changed into a mass of muscovite scales inclosing 
many staurotite crystals. Belmont, Hatfield. 7. Natural light. (See p. 209.) 

Fic. 2.—Sections of twins of cordierite from cordierite-granite. Brimfield. 20. Drawn with crossed 
nicols, (See p. 321.) 

Fic 3.—Diorite from north end of Packards Mountain, Prescott. X25. Natural light. (See p. 342.) 

Fic. 4.—Contact of diabase-amygdaloid and clayey limestone, from the upper surface of the Holyoke 
sheet. The curving of the layers of the fine mud as it flowed into the open steam holes can be seen 
on the left. The large cavity was clogged by a trap fragment and afterwards filled by infiltrated 
calcite. Rounded drops of the mud and rounded holes filled by infiltration can ME seen in the 
trap CC. Dibbles, South Holyoke. X28, (See p. 456.) 
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Besides these exomorphic effects of the contact, the tonalite shows 
distinctly an endomorphie influence of the schist upon itself. It is finer 
grained than usual, though it is granular to the eye, and the deep flesh- 
red feldspar stands out on a background green from the abundance of 
chlorite. It is rudely foliated, and the foliation surfaces are dull-green, 
like the schist itself, and in transverse sections the microscope reveals thin, 

wavy layers, winding in between thick layers of the feldspathic material, 
which seem to be made up of the sericitic matter from the schist crowded 
into the fissures. 

The main mass of the argillite followed north from the contact retains 
all ‘the complex contortions common in the rock, but it is soaked full of 
quartz, or quartz and feldspar, the parallel bands being in some cases sepa- 
rated as much as 30™™ by the intrusion of these new constituents. There 
is also much coarse muscovite, and the rock is in places greatly brecciated. 
When it is followed farther north small staurolites appear and the next 
band is reached. 

Going a short distance west along the road to the bridge over West 
Brook, and then south 165 feet along the brook, one finds a fine contact of 
the argillite and the tonalite exposed. The rock is here more arenaceous, 
and is indurated to a hornfels. 


THE CHIASTOLITE-SCHIST. 


This rock (see fig. 1, Pl. III.) may be studied most conveniently on the 
southeast slope of Belmont—a great symmetrical drumlin, bare of trees, in 
the northwest corner of Hatfield. The original bedding of the rock is here 
clearly marked by bands of sandstone about an inch wide, separated by 
argillite layers of twice this thickness. The whole is extremely contorted, 
and the well-marked cleavage oversprings the.sandy layers in almost every 
ease. The original clay layers are now a fine, dark-gray mica-schist, to 
which one would hardly still apply the name argillite, and in some places 
it is coarsely muscovitic. The schist is full of chiastolite crystals, square 
prisms about 4™" wide and 40" long, enfolded in the layers of the schist, 
as is usual with this mineral. These are now uniformly changed into a 
shining-white muscovite in matted scales (with traces of the black cross 
everywhere remaining), in which small andalusite crystals occur so abun- 


dantly as often to occupy half the space. They are in stout prisms nearly 
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a millimeter across, often twinned and well terminated, of red-brown color, 
and with shining faces. They project in every direction into the muscovite, 
and have been plainly manufactured from the material of the chiastolite Dy 
some second metamorphism. The muscovite gave deep blue with cobalt, 
and a purple flame when fused with gypsum, and fused with difficulty to a 
white enamel. It gave the axial divergence of muscovite. The staurolite, 
measured with reflecting goniometer, gave « PA « P=129°. « PA 
o P =115° 11’, and twins after ? P &, could be determined optically 
under the microscope. : 

The andalusite crystals are orange-yellow under the microscope, but 
a central portion with boundaries parallel to the surface, even when that 
surface is plainly one of fracture, is colorless in most cases and has a soft, 
slightly wavy striation, which a high power shows to be due to the presence 
of an immense number of stout tubular bodies, slightly reddish, with 
rounded ends, often slightly twisted and varying in diameter; at times, 
indeed, passing into formless bodies. They are so numerous as to give the 
rock a spongy appearance, and are parallel to one another and to the verti- 
cal axis of the staurolite. They are 0.025"™ long, 0.005™" across. Being 
placed parallel to the axis of the inclosing mineral, they extinguish with it; 
but in diagonal position the larger ones show color for themselves, and they 
are probably quartz. Many sections of the staurolite are broken up into 
separate fields from twinning, and the rods have a separate direction in each 
of these fields.’ 

The rock contains, also, groups of small garnets. It is a_biotite- 
muscovite-schist. In a quartz-muscovite background many long-notched 
blades of a dark-brown biotite and much coaly matter are arranged in a 
pseudo-fluidal structure and wrap around the chiastolite crystals. 


1 Lassaulx, Ueber Staurolite: Tschermaks mineral. Mittheil., Vol. III, 1872, p. 173, pl. 3. Compare 
the uncolored figures where the rods are stouter and more distant than here. 
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THE BANDS OF SILURIAN SCHISTS ON THE EAST SIDE 
OF THE VALLEY. 


As noted in the geological outline and the generalized section in 
Chapter III, the representatives of the Silurian series from the Hoosac 
schists to the Conway schists are present east of the river in several narrow 
synclinal bands resting in the Monson gneiss, which are most conveniently 
described in geographical rather than geological order. The series is 
greatly simplified and is divisible into only four or five members 


a mMus- 


covitic or sericitic and biotitic quartzite below; next a band of hornblende- 


schist (amphibolite); above this a thin-bedded biotitie quartz-schist, which 
I have called the whetstone-schist, as it is much quarried for scythestones; 
then a garnetiferous and graphitic schist. These are, respectively, referred 
to the Rowe schist, the Chester amphibolite, the Savoy schist, and the 
Conway schist of the western side of the valley. Along the eastern border 
of the region the series is still more simplified by the disappearance of 
the hornblende-schist, and the lower bed, which includes the Rowe and 
Savoy schists, is developed across Worcester County as a monotonous, thin- 
bedded micaceous quartzite which I have named the Paxton whetstone-schist, 
while the upper bed, the Conway schist, grows more metamorphosed east- 
wardly and southerly and becomes rusty, strongly fibrolitic, coarsely 
graphitic, and in places feldspathic. This I have named the Brimfield schist 
in Worcester County. 

I have, then, to describe the following areas (see geological map, PI. 
RAR ): 

1. The Northfield semisyncline. 

2. The Wendell branch syncline. 


3. The Leverett-Amherst area. 
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. The Pelham-Shutesbury syncline. | 

. The great central syncline. 

. The eastern syncline. 

_ The zone of contact and disturbance around the Belchertown tonalite. 
. The Wilbraham syncline. 

. The Monson syncline. 

10. The East Greenwich-Enfield syncline. 


oonam Oo > 


THE NORTHFIELD SEMISYNCLINE. 


For a long time it seemed to me probable that the rocks at the mouth 
of Millers River (see p. 295) and those here under discussion were a con- 
tinuation of the Bernardston series, and thus of known age; and because 
of the importance of the question I have studied these areas with great 
care and describe them in somewhat greater detail than usual, and com- 
pare them with the Bernardston series, in order that the grounds for — 
accepting or rejecting the correlation suggested above may be clearly 
seen. The fold here described lies along the east line of Northfield, in 
the Warwick quadrangle. 

The comparison of this series with the Silurian beds west of the river 
forms the first step in the correlation of the beds east and west of the river. 
The gneiss a in the sections below (p. 213) is identical with the Becket 
gneiss. The beds b and ¢ are close lithological representatives of the 
Rowe schist. The bed d agrees well with the Chester amphibolite. The 
whetstone-schist e is closely like the Savoy quartzose schist, while the 
bed / is the exact counterpart of the Conway schist in all its peculiarities, 
even to the presence of spodumene and cleavelandite dikes. 


GENERAL DESCRIPTION. 


The rocks were first compressed into a great syncline in the Monson 
gneiss, the axis of the syncline pitching to the north, and then a north-south 
fault occurred along this axis, and the rocks on the east were upheaved by 
about the thickness of the series (1,890 feet), and so far eroded that only 
a remnant of the lowest bed remains on the eastern half. Then several 
transverse faults cut across the beds, and one is notable from the amount 
of drag which the beds on the north side of it have suffered at their south 
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ends from friction against the wall of the fault on the south; for an inspec- 
tion of the map will show that to the north of this transverse fault the 
strike of all the beds bends from a north-south direction round to an 
easterly direction. It is remarkable, also, that to the north of this fault all 
the beds of the western flank of the syncline, as well as the remnant of the 
eastern flank, are inverted and now dip uniformly to the west. 

The topography of the region is to an exceptional degree dependent 
upon its geological structure. Each of these transverse faults is now the 
gorge of a brook. 

The upper beds of the series—the Conway mica-schists—are the most 
resistant to erosion, and form the high hills, which are pushed forward or 
recede as the block of mica-schist of which each is made is pushed forward 
or back by the faulting. The amphibolite is more rapidly eroded, and it 
forms a deep furrow across the town, in which runs what is appropriately 
called the Gulf road, the word gulf being used in this sense in several 
places in western Massachusetts. The basal quartzite is also resistant and 
mantles over the gneiss of Brush and Crag mountains in sharp, angular 
ridges, which can be seen and recognized so far off as the station at Millers 
Falls as peculiar and not like the forms of the gneiss. The Gulf road men- 
tioned above runs south from Northfield to Erving, at the east base of Brush 
and Crag mountains, and continues a long way on the hornblende-schist of 
this series, and here the whole may be best studied. 


THE GULF ROAD SECTIONS. 


Two miles south on this road a side road goes up onto the mountain 
westerly to the house of Mrs. J. Robbins, and a little farther south a similar 
blind road runs east to the house of R. H. Minot. The whole series is 
well exposed along this line, and it is described in the following section, 
beginning at the west end: 

The granitoid biotite-gneiss (a), which makes the mass of Brush 
Mountain, forms the base of the section. It is the northern portion of the 
large Pelham area of the Monson (Cambrian) gneiss. The line of boundary 
between the basal quartzite (the Rowe schist) and this gneiss runs beneath 
the Robbins house, making a large curve to the east, and the two rocks are 
unconformable. This is shown by the fact that the gneiss has strike N. 
40°-50° W., dip 25°-35° E., while the quartzite above has strike N. 15° W., 
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dip 10°-15° E.; and as one goes east from the boundary down the steep hill 
and across the quartzite the dip of this latter rock increases gradually to 
45°, showing that the quartzite mantles over the gneiss. The quartzite (6) 
is here quite micaceous, the mica being, as usual, a shining-white muscovite, 
or often a sericite. In places coarse patches of biotite scales also occur. 
Southward along the crest of the hill this bed is in one. place distinctly 
conglomeratic, pebbles of quartz about an inch across and much flattened 
by the compression of the rocks, making up the mass of the rock in a great 
vertical cliff looking west. West of C. 'T. Swan’s, where the 1,200-foot con- 
tour crosses the road, 200 rods south of the Robbins house, on the mountain 
crest, it is a very vitreous quartzite, resembling an aggregation of the quartz 
nodules in common mica-schist. Some beds here also abound in a shining- 
white mica, and others carry a little biotite. The thickness opposite C. T. 
Swan’s house is 575 feet. This is followed by a very coarse, wavy, very 
micaceous, often sericitic, garnet-bearing schist of white color (c). It is 
AQ feet thick on the Robbins road; in the section opposite C. T. Swan’s 
house, 65 feet. (b) and (c) are the equivalents of the Rowe schist. 

The amphibolite (d), or the Chester amphibolite, is a greenish-black 
rock of fine grain, separating into thin plates which have a ligniform struc- 
ture from the perfect ‘‘stretching” of the rock. It is usually of even grain 
and free from all accessories. Nodules of albite and ilmenite occur rarely. 
It is, on the Robbins section, about 500 feet thick; on the Swan section, 
330) feet. r 

The whetstone-schist (e), or the Savoy schist, is a gray, arenaceous 


biotite-schist or micaceous quartzite. The biotite is in thin scales, not . 


concentrated upon foliation planes, but scattered sparingly and evenly 
through the rock. Near the top, at R. H. Minot’s house, is a very rusty 
layer full of coarse garnet and hornblende. In the Swan section its thick- 
ness is 612 feet. 

Then follows a coarse muscovite-schist (/), often very micaceous. It 
is affected by both a fine corrugation of the foliation surfaces and a general 
twisting and contortion of the folia themselves. It is graphitic and abounds 
in garnets and staurolite, the latter especially abundant toward the base. 
Its thickness in the Swan section is 354 feet, but here the whole thickness 


is not present because of the fault; a little farther south, opposite the 


schoolhouse, it is 445 feet. This is identical with the Conway schist. 


THE NORTHFIELD SEMISYNCLINE. ano 


In the Swan section continued east along the Minot road the fault and 
the contact of the mica-schist (/), dipping 30° E., with the basal quartzite 
dipping 15° W., can be clearly seen. The latter is here largely a two- 
mica-gneiss of arenaceous structure, with shining-white muscovite. 

_ In the section opposite School No. 10, where the road branches a little 
way south of Swan’s house, a bed of granite 8 feet thick occupies the place 
of the fault, and to the east of it is a thick-bedded quartzite, which at top 
becomes a coarse, white, sandy muscovite-schist with wavy folia and carry- 
ing garnets. The whole has a thickness of 307 feet, and represents the 
basal quartzite (b) and a little of the mica-schist (c) above it. It belongs 
to the eastern flank of the syncline, and is brought up by a fault whose 
throw must be at least equal to the thickness of the strata ¢ to e, or 1,890 
feet. The western flank of the syncline dips normally E. 30°-35°, while 
the remnant of the eastern flank is overturned upon the mica-schist and 
dips easterly against a great dike of pegmatite. 


SECTIONS NORTH AND SOUTH OF THE OLD WARWICK ROAD. 


The mica-schist (/) continues north as a high ridge which terminates 
in the prominent hill south of G. Alexander’s, called locally Tom Field’s 
hill, whose crest and western slope are underlain by the corrugated schists, 
while the fault runs along just east of the highest part of the hill. The 
schists sink down northwardly to the east-west fault which follows closely 
the line of the old Warwick road, upon which A. Moore’s house stands. 

North of this fault the main longitudinal fault is continued north with 
little or no interruption, passing just east of A. Moore’s house, but the 
whole series of schists, which forms the western half of the anticline and 
which has been already described, is overturned so that it dips everywhere 
50°-70° to the west. This continues to the next road on the north, the 
present Northfield-Warwick road, and all the members of the series are 
unchanged except the bed of rusty garnet-hornblende rock at the Minot 
house, which becomes a persistent and thick bed of hornblende-schist in 
the upper portion of the whetstone-schist. Another fault cuts off the 
southwest portion of this area, and this part is placed in normal relation to 
the north end of the gneiss area to the southwest, striking east and west, 
and dipping north away from the gneiss. 

The next transverse fault to the north follows the Northfield-Warwick 
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road already mentioned. To the north of this line the whole series of the 
schists is moved horizontally to the west for a considerable distance, 
dragging upon the fault so that the strata bend around from the normal 
north-south direction to a direction due east at the fault. The series main- 
tains, however, the inverted position and constant westerly strikes of the 
portion south of this fault. 

The explanation of this complex system of faults seems to be that the 
great Pelham gneiss mass on the west ends just where the first of these 
tranverse faults appears, while to the east of the ereat north-south fault an 
equally high gneiss area extends north across the whole town of Warwick. 
When the east-west compression acted on these beds they were on the south 
of the first transverse fault, supported by the north end of the Pelham gneiss 
in Brush Mountain, while on the north, finding firm support only at a lower 
level, they were thrust westward and overturned. 


PEGMATITE DIKES AND MINERALS. 


A curious point of resemblance between the Conway schists of the 
west side of the county and the same schists in this section—the upper beds 
(f) of the series—is the appearance of large granite dikes carrying 
spodumene, cleavelandite, tourmaline, columbite, and beryl. One great 
dike of this character appears in the yard of M. A. Brown, on the Win- 
chester road and just over the town line in Vermont, and is there filled 
with poor crystals of spodumene. On the top of Strowbridge Hill, a half 
mile south, I found the same dike, or its successor on the line of strike, 
filled with cleavelandite and a little tourmaline; and the same distance again 
to the south along the line of strike is the fine columbite locality discovered 
by Mr. M. A. Brown. This may be reached by following the lane back of 
L. A. Moody’s house, east through the woods nearly to the Warwick road. 
Farther south; on the Minot section, the same coarse granites carry immense 
beryls, and just where the beds cross the town line to the south the granite 
abounds in spodumene. 

This is one of those curious and inexplicable matters of paragenesis, 
and it derives its problematical character from the fact that the pegmatites 
cutting all the other beds are wholly wanting in those minerals containing 
rare elements, except those penetrating the comparatively recent Conway 
schist, which at distant localities on both sides of the Connecticut River 
carries them abundantly. ° 


SILURIAN SCHISTS, Lhe 


THE WENDELL BRANCH SYNCLINE. 


In the southwest corner of Warwick, at Harris’s pond, a subordinate 
syncline branches off from the great central syncline next to be described. 
It is directed first west, bends round south in Barber’s hill, in which it 
passes through a corner of Erving, and crosses the river and extends south 
into Wendell, where it ends abruptly against-a fault. 

At the point where it branches, west of Barber's pond, the uppermost 
bed in the syncline is a dark, graphitic mica-schist (Conway) with abundant 
transverse biotite and with many staurolites and small garnets. It is thus 
exactly like the corresponding uppermost beds (/) in the Northfield syncline 
already described, and so forms an important link in the chain of evidence 
in favor of the identity of the series I am here describing with the similar 
series across the Connecticut Valley, with which I have associated it. 

There is a fine section of the beds of this series exposed in the railroad 
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Fia. 13.—Section on railroad east of Erving station. 


cutting east of Erving and opposite the piano factory (fig. 13), though the 
beds are thrown into such confusion that no conclusions can be drawn con- 
cerning their sequence. 

Entering the cutting from the west, several large outcrops of amphibo- 
lite appear through the sands, and just beyoud is a great boss of granite 
curiously molded together with amphibolite, which is changed to biotite- 
schist at its contact with the granite; which carries upon its back a great mass 
of a gray whetstone-schist extremely contorted. This is followed by 
great body of amphibolite, in places much contorted. It contains albite 
and calcite in veins, and nodules of epidote often 15 long. To the east 
this is followed by a coarse, gray mica-schist with garnets (% (0) and small 
staurolites. 

All these beds resemble closely the corresponding ones of the North- 
field section, which ends just north of this point, and this serves to connect 
the two and unite both with the western area. It serves also to illustrate 
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the extreme complexity which characterizes these beds in their progress 
south through Wendell until they are cut off by the fault east of Wendell 
Center. 

This may be well studied by going up the Osgood Brook road and 
turning onto the high hill north of 8S. Stevens’s house. Everywhere the 
beds are thrown into great confusion and filled with granite dikes, so that 
the representation on the map, though the result of much work, gives only 
a general view of the main facts. The whole southern portion of the area 
is underlain by whetstone-schist, which has been quarried here for scythe- 
stones, and for this reason the hill is locally called Whetstone Hill. 


THE LEVERETT-AMHERST AREA. 


THE AMPHIBOLITE AND MICA-SCHIST SERIES ALONG THE EAST SIDE OF THE 
CONNECTICUT BASIN FROM LEVERETT SOUTHWARD. \ 


The bottom of the Connecticut Basin, as the area of transition between 
the closely folded rocks with vertical dips on the west and the undulating, 
almost horizontal gneisses on the east, is underlain by a broad band of 
extremely disturbed rocks, faulted, soaked full of granite and quartz veins, 
and, especially along a line extending quite across the State and situated 
at the immediate foot of the eastern plateau, most thoroughly crushed, brec- 
ciated, slickensided, and filled with veins of hematite, albite, quartz, and 
epidote, or mineral veins of the “ baryta-lead formation.” . 

It is just along this line of maximum disturbance that a series of rocks 
which forms a repetition of those described in Northfield (p. 212) runs 
south from the mouth of Millers River at the great bend of the Connecticut. 

The same succession—feldspathic quartzite, or two-mica-gneiss (0)," 
amphibolite (d), whetstone-schist (¢), and spangled mica-schist (/)—can be 
made out, but with difficulty, and all the members are much altered and 
thrown into great confusion, so that the assignments made upon the map, 
though the result of long study, are given with much hesitation. 

For convenience the amphibolite and the quartzose bands, the quartzite 
below and the whetstone-schist above, are described together, while the 
equivalent of the spangled or Conway mica-schist—the Amherst feldspathic 
mica-schist—is discussed apart. 


1 The italic letters a-f refer to section given on pp. 213-214. 
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NORTH LEVERETT (GREENFIELD QUADRANGLE, SOUTHEAST CORNER). 


Still farther south, and just south of the railroad crossing over Locks 
Pond Brook, the series appears in Stoddard Hill and forms a narrow band 
running south between the gneiss and the red sandstone. It is largely cut 
by granite, which has replaced it over great areas, and this rock shows often 
the peculiar structure adverted to in the description of the Millers River 
section (p. 295). The materials, of a very coarse pegmatite, form a dis- 
tinctly foliated mass from the parallel arrangement of the large muscovite 
scales, and agree in dip and strike with the surrounding schists. It seems 
also, where it comes in contact with the different beds of the series, to have 
absorbed large quantities of their material into its mass, being near the 
amphibolite a fine two-mica-granite of coarse but very even texture, as 
above the cemetery in Leverett, and finer-grained, more quartzose, and 
almost free from mica in the neighborhood of the quartzite, as north of the 
cemetery in North Amherst. Furthermore, the granite seems to have 
assumed a schistose character where it has intruded itself into the place of 
the more schistose members of the series, as if by a kind of pseudomorphism 
it had inherited their structure. : 

The series in Leverett is divided into two portions by an exceptionally 
large mass of granite. The northern portion presents a section from east 
to west as follows: (a) Monson gneiss, (b) basal quartzite, (¢) mica-schist, 
b and c together representing the Rowe schist, (d) Chester amphibolite, 
(e) granite, here occupying the position of the whetstone (Savoy) schist, 


(7) spangled or Conway mica-schist—all dipping westward from the gneiss. 
Kast of IE. G. Reynolds’ the quartzite is feldspathic and like the Bernardston 
upper quartzite. ‘The mica-schist (¢) and the amphibolite (d) agree com- 
pletely with the corresponding beds of the Northfield section. In Stoddard 
Hill, 325 feet east of the railroad, the latter is a coarse hornblende-schist, 
in places very biotitic, in places massive. 

The mica-schist (/), which I identify with the Conway mica-schist, is 
the first outcrop we meet, going south, of a rock which, from its expansion 
across Ambherst, I have called the Amherst feldspathic mica-schist. Its 
appearance here in the same position as the Conway mica-schist of North- 
field is one of the reasons for identifying the whole mass with the rock so 


named across the river. The subject is fully discussed on page 222. 
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The rock here is a coarse, very rusty, garnetiferous and feldspathic 
mica-schist. It is surrounded by granite, and floats, as it were, in it, and is 
largely injected with granite veins, which at times so greatly predominate 
that one must describe the area as occupied by granite containing parallel 
filaments and thin sheets of schist. The latter do, nevertheless, preserve the 
dip and strike of the main mass, while the granite has also its constant rude 
dip and strike in the same sense as if the process had here been carried a 
step farther, and the granite, being injected into and opening out the laminze 
of the schists and cooling between them, had retained a lamination from 
them after they had been wholly or almost wholly absorbed into its mass. 

The schists agree so closely with the Conway mica-schist where it 
comes into the granitic areas on the west of the river, directly opposite, that 
I have no hesitation in following the stratigraphical indications and associat- 
ing them together. 


LEVERETT CENTER. 


Southwest of the great mass of granite another long strip of the rocks 
of the series runs from A. Field’s, on the road east of Mount Toby, southeast 
through Leverett Center and South Leverett and on into Shutesbury, to 
end in Mount Boreas at Adams Mills. 

Just above Leverett Center the gneiss is notched into it by a series of 
faults. The amphibolite runs down the eastern border of the strip. It is 
for the most part a thin-fissile rock, often stretched and ligniform, of dark- 
green color, made up of magnetite, feldspar, and hornblende, the latter in 
elongate needles, and all parallel to one another and to the line of stretching. 
It is at times, as south of A. Field’s, a tremolite-schist. The mineral is in 
short, stout prisms, without feldspar, quartz, or ore. Rarely the lower mica- 
schist (¢) appears between it and the gneiss, but the whole series is in the 
greatest confusion and is also largely covered by till and sand. 


THE SAVOY SCHIST, OR WHETSTONE-SCHIST. 


The center, and by far the larger portion of the series, is taken up by 
an arenaceous rock, slightly micaceous, and at times slightly hornblendie, 
which is at times crushed to pieces and jointed and cut by many quartz 
and specular iron veins, the rock itself being thoroughly silicified and ren- 
dered compact and hornstone-like. It is often exactly like the corresponding 
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stratum in the Northfield Mountain. It abounds often in a green, chloritic 
mineral, and along the road east of Mount Toby it is abundantly brecciated 
and cemented by hematite. 

Along the east side of Mount Toby the whetstone-schist appears in the 
base of the mountain. Its first outcrop is just south of the Mount Toby 
station, and it can be followed from this point south to the first brook, 
where the contact of the Mount Toby conglomerate upon the whetstone is 
40 feet above the railroad (436 feet above sea level), and on to the second 
brook, where the contact is 12 feet above the railroad. This greatly lessens 
the probable thickness of the conglomerate of Mount Toby. 

In the extreme northeastern corner of Amherst there is by the roadside 
a small outcrop of thin-fissile, stretched hornblende-schist in the whetstone, 
exactly resembling that found in the Northfield section. It can be traced 
northwest past the brook-crossing east of A. Adams’s house, and connects 
with the bed at Leverett Center. It is a beautiful rock under the micro- 
scope. ‘The perfectly parallel hornblende blades have the strong pleoch- 
roism and absorption of the Chester amphibolite, large, rounded grains of 
magnetite are frequent, and the whole is placed in a background of 
untwinned feldspar grains. An analysis of the rock by Mr. L. G. Eakins is 
given below: 


Analysis of hornblende-schist from Amherst. 
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THE AMHERST FELDSPATHIC MICA-SCHIST (CONWAY SCHIST). 
LEVERETT. 


West of the band of whetstone-schist in South Leverett begins the 
broad area covered by the Amherst feldspathic mica-schist and granite in 
inextricable confusion. It is in this northern portion so purely granite, and 
the shreds of schist are so impregnated with granitic material, that I have 
marked but a small portion as schist upon the map. 


AMHERST. 


The Conway mica-schist of the western side of the Connecticut Valley, 
where it approaches the great masses of granite from Williamsburg to 
Montgomery, can be seen along both dip and strike to become more 
coarsely crystalline and feldspathic, while the plumbaginous material dis- 
appears or crystallizes into graphite and thus colors the rock less. The 
garnet and staurolite also disappear in large measure, and a rock results 
closely comparable to that which underlies the towns of Amherst and 
Hadley 

Furthermore, the same mica-schist in Horse Mountain, on the western 
line of Hatfield, dips west and formerly mantled over the hornblende- 
granite at its eastern foot. It is here not greatly different from much of 
the Amherst rock, and I assume that it reappears in the nearest outcrops 
on the east of the river in Mount Warner, where it forms a much-disturbed 
syncline, and then extends across Amherst, on its eastern border dipping 
west—that is, away from the hornblendic band which underlies it, and which 
I have already traced across Pelham. 

Starting thus from the exact lithological identity of the Conway mica- 
schist of Northfield on the east and that of Coleraine directly opposite, west 
of the Connecticut, I have shown that the coarse mica-schists of the north- 
west of Leverett occupy the same stratigraphical position as the Conway 
schist in Northfield, and then have traced the Leverett schists southward 
into continuity with the Amherst schist.. The latter is then shown to be 
identical with the altered representative of the Conway schist on the west 
of the river just opposite, and the same parallelism can be proved clear 
across the State. 
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It remains to discuss the rock itself and see how far it still shows points 
of resemblance to the calciferous mica-schists. 

The rock appears in Mount Warner, in an area north of South Am- 
herst, beneath the till in the ridge from Amherst village to North Amherst, 
and in the rocky region along the north line of the town and extending 
over into Leverett. It is everywhere greatly cut by granite dikes and 
thoroughly impregnated with granitic material, especially in the latter area, 
where it exists only as shreds in an almost continuous expanse of granite. 
This is clearly the eastern border of the great granite area which has its 
center in Williamsburg, on the west of the valley, and extends thence east 
beneath the Trias and finds its eastern border closely coincident with the 
Conway mica-schist in which it has its whole development. 

Description —The rock is in composition a gneiss, in texture a coarse 
schist, so that Dr. Hitchcock sometimes gave it one name and sometimes 
the other. It varies from a coarse muscovite-schist, made up almost wholly 
of mica in large scales, to a schistose gneiss, at times containing large 
rounded masses of fine microcline. It is always rusty, and very generally 
contains pyrite, so that the water from several wells along the western 
border of Amherst, when low, curdles milk and gives strong reaction for 
sulphuric acid, and in new openings fissures of the rock are covered with 
fine sheets of pyrite of very recent origin. 

Along the western edge of the ridge, appearing in my well on the 
Northampton road, and in that of President H. H. Goodell farther north, 
as also in Mount Warner, is a band the lamination surfaces of which are 
spangled with large, rounded, equidistant plates of silvery muscovite filled 
with fine radiated needles of fibrolite, a peculiarity which appears on a 
much more extensive scale in the more easterly bands of the mica-schist, 
This fibrolite occurs where the road over Mount Warner rounds a rocky 
spur at the southwest corner of the mountain, and this is the most western 
appearance of fibrolite in the schists. 

In excavations at the north end of Prospect street, in the hill east of 
North Amherst railroad station, and in the large outcrop near South Amherst, 
there are intercalated beds of an eclogite-like rock, a massive quartz-garnet- 
hornblende rock containing shining scales of graphite. The garnet is light- 
red, and is intimately mixed with the quartz to form a ‘groundmass which 
the hornblende penetrates in stout, parallel rods, transverse to the bedding, 
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of such size and arrangement that, on weathering, the rock presents very 
closely the appearance of a scolithus sandstone, and I tried for a long time 
to persuade myself that this was the case. I am now inclined to connect 
these beds with the beds of tough hornblende rock carrying black garnet 
which appear in the Conway schists, either alone or as a selvage to the beds 
of black limestone, as both have the same composition—quartz, garnet, 
hornblende, and graphite. The hornblende changes often to serpentine. 

A very similar rock appears on the eastern border of the tonalite in 
Hatfield (near the house of J. Glasner), and is probably a product of the 
contact action of the latter upon a limestone bed of the Conway schist. The 
exposures are not sufficient to make its relations clear. . 

Correlation of Amherst schist—As a feldspathic mica-schist the rock 
resembles the feldspathic varieties of the Conway schist on the west side of 
the valley, especially in its southern extension, as about Russell. In this 
assignment I have been influenced by stratigraphical considerations, by 
the very general content of graphite, by the common traces of calcite, 
by the probable derivation of the eclogite-like rock from bands of arena- 
ceous limestone like those common in the calciferous mica-schist, and by the 
fact that these Amherst schists closely resemble the calciferous mica-schist 
immediately opposite, in Williamsburg, where it is most influenced by 
the granite and develops into a fibrolite-schist like the neighboring bands 
of the same schists on the east. 

Minerals in the Amherst schists—Apart from the neem veins, 
described under mineral veins in Chapter XIV, there have occurred the 
following minerals in the schists: 

(1) Essonite and graphite; west slope of Mount Warner. 

(2) Heulandite in perfect, deep-red crystals, with rosettes of a rewly 
formed pyrite; head of Prospect street, Amherst, and at the college grove 
well with pyrophyllite. o P # (010), — 2 P (201), 2 P e (201), 0 P 
(001), «© P (110). 

(3) Pyrophyllite after feldspar, fibrolite, and biotite. 

In a well at the northwest corner of the college grove the rock was 
a biotite-schist, much impregnated with granite, which swells to lenses of 
the coarsest pegmatite many feet in length. Associated with these granite 
lenses are layers and large masses, which often run off into veins across the 
schists, of a granitoid mixture of quartz, little feldspar, and much green biotite 
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(rarely brown) in large scales which are completely filled with radiating 
tufts of fibrolite. 

The schists contain graphite abundantly disseminated in small scales, 
often hexagonal, and some layers are finely colored masses of purple, almost 
amethystine garnet, pyrite and apatite in distinct crystals. 

The orthoclase of the granite is now in every stage of change into an 
amorphous mineral; H=1; color, pale mountain-green to deep olive-green, 
or light to dark wax-yellow. The yellow is translucent on edges, and this 
increases in water. In the flame the green mineral rapidly becomes white. 
The yellow variety becomes flesh-colored, like a decomposed feld-spar. 
Both give a fine blue with cobalt, and fuse at 3 to 4 to white enamel. The 
fibrolite is also often attacked in the same way, the change proceeding from 
the centers of radiation of the needles, which are first beaded with browner 
spots, showing aggregate polarization, and then wholly changed, and at 
last involving the biotite also, while the garnet is the last to be affected. 
The quartz clears up under the blowpipe and effervesces with soda. 

The quartz, through all the adjoining schist and granite, is of the same 
waxy luster as the amorphous mineral, and has become brittle (ii 4). 
and gives with cobalt a beautiful, filmy, superficial blue, deeper in spots. 

The change seems to be initiated by the decomposition of the pyrite, 
and it seems possible that the curious appearance of the quartz is due to 
hydrofluoric acid set free from the micas during their decomposition, but it 
is at times a deeper change into an aluminous silicate. 

The topographical surroundings of this interesting locality are such as 
to render it probable that the Trias conglomerate was barely planed off 
from its surface during the Glacial period, so that it is a remnant of an 
ancient and peculiar form of decomposition which took place beneath the 
conglomerate. 


THE PELHAM-SHUTESBURY SYNCLINE. 


Across Pelham the great block of Monson gneiss (a) which occupies 
the whole town is nearly horizontal, with low dip to the east on the east 
side and to the west on the west side. On the east side of this extremely 
flat anticline we have, commencing with the central (that is, the lowest) 
beds at the quarries in the center of Pelham, the true friable subporphyritic 
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biotite-gneisses (@); then, at and just east of East Pelham, the actinolite 
quartzite; then a second narrow band of the biotite-gneiss (a); then a broad 
band of the muscovite- (b) and hornblende- (d@) schist here discussed; and 
finally, at top, a recurrence of the true biotite-gneiss (a).1 

On the east the series dips with so small an angle and so regularly 
eastward, and the members can be seen passing under each other so. 
normally, that it is very difficult to avoid the conclusion that they are in 
regular succession and that all are a part of the Monson gneiss series, and 
this was at first my opinion. On the other hand, the series bears in several 
particulars strong resemblance to the mica-schists and amphibolite as devel- 
oped to the east in New Salem. . 

As one goes down the long hill east from Pelham Center, after reach- 
ing the first road turning south, one finds many outcrops of a thin-fissile, 
quartzose two-mica-gneiss, which varies from a thin-fissile quartzite with 
much coarse muscovite spread upon the rather distant foliation faces to a 
fissile biotite-gneiss with muscovite distributed as above, or, finally, a shin- 
ing-white, purely muscovite-gneiss, or—and this last comes to be the 
prevailing rock going either north or south—a very coarse, rather rusty 
muscovite-biotite-gneiss or schist. This agrees closely with the basal 
beds (b) of the other section. Slight traces of the hornblendic rock (d) 
occur down this slope, but northward, across Purgee’s brook, a heavy bed 
of the hornblendic rock (d) appears in the bluff north of D. Shore’s house. 

The series can be followed from this section south 5 miles to a point 
west of Enfield Center and north 5 miles across Pelham and Shutesbury 
into Wendell, maintaining a width of about a mile, which, from the low 
dip and its position on a hillside sloping with the dip, does not represent a 
great thickness In all this distance the rock is everywhere cut by great 
granite dikes or is greatly impregnated with granite, so that many beds 
seem like purely granitic (pegmatitic) material made schistose by pressure. 

Above the amphibolite (d) in the above section and near D. Shore’s house 
a coarse mica-schist full of large garnets represents the Savoy schist (e), and 
following the river road north from this point any section carried across the 
hills to the west would give the same succession until, in the extreme north- 
east corner of Pelham, one finds these upper schists dipping apparently 
beneath the heavy-bedded Monson gneiss, but separated from it, I suppose, 


'The italic letters refer to sections given on pp. 213-214. 
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by a fault which the exposures did not permit me to demonstrate. This 
continues north into Shutesbury, where the whole series is cut by a trans- 
verse fault, along which trap has been erupted in several places. North of 
this point the series seems to be a regular overturned syncline. The bed 
above the amphibolite (d) appearing in the center is a thin-bedded quartz- 
ite (b) with few coarse muscovite scales, but it soon runs out, as does the 
amphibolite, while a narrow band of the coarse muscovite-schist (e) runs a 
long way north, past the mineral springs and far into Wendell. 

Followed south the three beds already described soon dip beneath a 
dark mica-schist containing much biotite and, at school No. 6 in Enfield, 
many small needles of dark-brown tourmaline and a little feldspar. This 
I have referred to the Conway schist (/). 

This series runs 8. 15° E., and so abuts with very acute angle upon 
the fault which runs along the east side of the valley of Swift River Branch. 
It is, if my interpretation as given upon the map be true, a syncline over- 
turned to the west, and to the south of the transverse fault near the north 
line of Pelham is further affected by a longitudinal fault which eliminates 
part of the east flank of the fold. 


THE GREAT CENTRAL SYNCLINE. 


This enters the State from New Hampshire, occupying the whole east- 
ern half of the town of Warwick and extending eastward into Royalston a 
mile beyond the limits of the area shown on the map (Pl. XXXIV). 

West of Tullyville, in the apex of the town of Orange, it divides, 
sending off an eastern branch (see p. 234), and itself extends south with 
diminished width. 


WARWICK AND ORANGE. 


The western quartzites and amphibolites.—For a long distance south the 
syncline consists of a broad area of mica-schists, having on either side a nar- 
row border of the quartzite beds (0) below, which separate the schists from 
the Monson gneiss on the east and on the west. Where they enter the State 
in the eastern hillside above Sunny Valley, in the northern part of Warwick, 
the basal bed is a white, shining muscovite-quartzite, often gneissoid, and 
south of Warwick village it is a coarse, gneissoid quartzite, containing much 
chlorite and magnetite. 
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The amphibolite (@) is a thin-fissile, often epidotic, persistent bed, not of 
great thickness, which on Mount Grace contains a beautiful radiated tour- 
maline, common in collections. 

The upper quartzite bed (¢) is developed as a light, sandy biotite-schist 
(= whetstone-schist) for a long distance east of the road east of Sunny 
Valley. Northeast of Warwick Center ii is a thin-bedded quartzite, exactly 
like the Bernardston quartzite. It is generally a gray whetstone-schist. 

These three beds dip east beneath, and form a narrow border to, the 
great area of mica-schist (/), which has a width eastward of nearly 4 miles. 

Structure—The lower beds dip east beneath the mica-schist. The 
latter strikes north-south and has high and irregular dips, being crumpled 
up into a mass from which one can gain no idea of its real thickness. 

The lower beds run south normally until, opposite Mount Grace, they 
are thrown into great confusion. An east-west fault runs through the north 
brow of the mountain and far east. South of this and on the slope east of 
Mount Grace the lower beds are greatly crumpled, while Mount Grace 
itself is formed by the westward projection and folding of these three beds, 
and traces of this disturbance are seen all through the village of Warwick, 
the rocks being so crumpled that the amphibolite runs south in three long 
bands to Hasting’s pond. On this bend north of the pond a vein of coarse 
epidote-garnet rock with fine quartz crystals is found 

Farther on the lower beds regain their regular posture and run south 
to Harris’s pond, in the southwest corner of the town, where the Wendell 
anticline, already described (p. 217), branches off. A little to the east a 
minor fold brings up the amphibolite (d) through the mica-schist (/), and on 
either side of it the whetstone-schist (e), in a narrow anticline which runs 
-down Brush Valley, crosses the river east of West Orange and continues 
south, ending in the west part of Orange. 

The eastern border of quartzites and amphibolites—At the east side of 
Prospect street, in Orange, the amphibolite (d) rests directly against the 
Monson gneiss, with steep eastward dip, as if it went under the latter. This 
“fan structure” is common all around the Orange basin. . 

The beds below the amphibolite are faulted out of sight—north and 
south—for a long distance. The latter is reduced toa small thickness here, 
perhaps 80 feet; and the upper quartzite (¢) is still more reduced, being here 
a compact quartzite; a mile north it is a fine-grained micaceous quartzite. 
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The central fibrolitic mica-schists (the Conway schists )—These are dark, 
rusty, contorted muscovite-biotite-schists, at times spangled with transverse 
biotite. They contain garnets, often in large numbers, of small size and of 
the form «© O (110). Staurolite appears rather rarely, but at localities 
scattered over all the area, especially on the west, where the Wendell 
syneline branches off; and across to the east, where the road north from 
Tullyville crosses the town line, the rock is a rather coarse mica-schist, 
the matrix made up of fine scales of shining-white muscovite, but largely 
darkened by graphite and by large blotches of biotite. It contains garnets 
and large single staurolites, together with fibrolite. 

Fibrolite in the mica-schists—This mineral occurs in the mica-schist a 
mile northeast of Warwick Center, south of the house of Rev. J. Goldsbury. 
If a line be drawn southeast from this point to the apex of Orange, at the 
locality just mentioned, above Tullyville, it will mark approximately the 
northern border of the abundant occurrence of the mineral in the schists. If 
another line be drawn south from the same point it will mark the western 
boundary of the occurrence of fibrolite through Warwick and Orange. From 
these boundaries it gradually increases in amount southwardly and east- 
wardly, but the increase is more marked toward the east than toward the 
south, so that the eastern syncline from its beginning in Tullyville is marked 
by a maximum of the mineral, which continues clear across the State. It 
is not abundant in Warwick, nor southward in the central syncline here 
described, through Orange. The transition is indicated on the map (PI. 
XXXIV) by allowing the Conway schist color to grade into the Brimfield 
fibrolite-schist color without drawing a boundary line across the strike. 
This is the most important illustration of the passage of the Conway schist 
into the Brimfield fibrolite-schist. 

To the east of the center of the area of mica-schist occurs a band of 
amphibolite, generally porphyritic in appearance, the structure being. due 
to the absence of hornblende from spots which thus appear white. In this 
amphibolite band is much iron, especially a half mile west of the point where 
the Warwick-Orange road crosses the town line. Here a small amount of 
mining work has been done. The mine is opened 2 rods on the “vein” and 
10 feet deep. The “vein” is a vertical bed of quartz-garnet rock, very 
ferruginous, 1 foot wide at north end and 3 feet wide at south end, with a 
central layer of very compact, pure magnetite 4 to 6 inches thick. 
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TOPOGRAPHY. 


The mica-schist, when set on edge, is usually the more durable rock, 
and appears in the row of hills—Mallards Hill, Beech Hill, Pitts Hill, Fall 
Hill—which sharply border the gneiss depression of North Orange; and 
where the central anticline brings up the amphibolite and whetstone it 
produces the ‘Brush Valley,” and the mica-schists, divaricating on the west 
from the main body, formed the long ridge of Barbers Hill. At the same 
time the quartzites, sharply folded and compacted with granite, rise high 
above the level of these hills in Mount Grace. On the other hand, in the 
next anticline to the east the “Big Tully Mountain,” made of granite, rises 
to a peak which dominates the whole region. The Swift River fault runs 
between these two basins, and some comparatively modern elevation may 
explain the discrepancy. 


SOUTH ORANGE AND NEW SALEM. 


The western border—The western-border beds cross the river east of 
West Orange and go south down the west line of Orange, crossing the 
corner of Wendell and continuing south along the New Salem-Shutesbury 
line, where they become involved in the West Branch fault. 

The following section across the middle of this town line, from the 
schoolhouse in the west edge of Shutesbury, gives the succession of all 
the strata, including the mica-schist : 


Section in Shutesbury. 


1., Monson gneiss (@) 22... /50,e ee ene eee eee eee ens 
2. Granular, micaceous quartzite (Rowe) (b).....-........----- 100 
3, Amphibolite (Chester) (d). 2. ase. p eases eee ee ee 100 
4, Rusty, contorted, chloritic sericite-schist (Savoy) (e)....--.-- 325 
5. Amphibolite 2.2 o.5% Ps ata oro ole oie 16 
6. Dark-gray, spangled mica-schist (Conway) (jf)...--.--.----- 


The latter bed is graphitic, garnet-bearing, contains transverse biotite 
scales, and is identical with the Conway schists. It includes a single bed of 
thin-fissile quartzite, consisting of a limpid quartz like that of a mineral vein. 

This border series seems to meet the fault line at a very acute 
angle, so that in the hill just north of Cooleyville the lower member of 
the section above is cut out and the amphibolite (d) abuts against the 
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Monson gneiss (a). The latter indurated the former and shattered it, and a 
heavy bed of granitic fault rock (flesh-colored binary granite) is interposed. 
Just south of Cooleyville, at the last house before the road crosses the Pres- 
cott line, is an interesting section: Below is Monson gneiss (a), flat-foliated 
but thick-bedded, regularly spotted by grains of black hornblende, and 
looking like a granite-porphyry, being much more compact and less granu- 
lar than usual, and plainly influenced by the fault. The great fault up the 
hillside is marked by about 25 feet of a granitic fault rock, at times a flesh- 
colored binary granite, at times a hornstone of similar color or green, at times 


all these crushed and recrushed 
and again cemented. Then comes about 10 or 15 feet of amphibolite (d), 
also wholly crushed, and above this a buff quartzite, perhaps 20 feet thick, 


a flesh-colored chloritic gneiss in structure 


followed by a great thickness of bedded gneissoid rock, granular and rusty, 
and with its micaceous mineral wholly decomposed, which is apparently 
identical with the chloritic sericite-schist (¢) of the last section but one. 
It repeats exactly the corresponding members of the section north of 
Cooleyville, and this shows that nearly all the amphibolite has here been 
cut off on the fault. 

The eastern border beds—At Orange Center the border beds are com- 
pressed against the gneiss and overturned, the lowest bed wholly concealed, 
the others greatly thinned. Just south of the river in Walnut Hill all these 
beds reappear in force and in duplicate in a remarkable subordinate anti- 
cline, best understood by inspection of the map (Pl. XXXIV). 

The whole center of the hill is made up of the lower member, here 
a fine-grained, thin-fissile, two-mica gneissoid quartzite (b), with garnets. 
This is flanked on either side by amphibolite (d), then by a micaceous 
quartzite (¢), then by the mica-schist (/), which is on the east side fibrolitic. 

The narrow syncline which separates this anticline from the gneiss on 
the east dies out southward and, a little over the south line of Orange, lets 
the basal member of the series come in contact with the Monson eneiss in a 
normal manner, and it continues thus across New Salem as a broad band of 
two-mica quartzose eneiss. 

The mica-schist—This has been described in the section above as a 
true graphitic, spangled Conway schist. This is its character only in a 
narrow band along the New Salem-Shutesbury line, which runs out before 
reaching the latitude of Cooleyville on the south, and which on the north 
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soon merges into the coarser, less graphitic, rusty, garnetiferous schists 
common farther north. 

Around New Salem Center it is greatly cut by granite and carries 
several bands of amphibolite, and bowlders of a pyroxene-garnet rock 
occur, which indicate the former presence of limestone. All this area of 
the schist, except as mentioned above, lies to the west of the line already 
given as the boundary of the occurrence of fibrolite, and this mineral was 
not observed at all in New Salem; but the band of mica-schist which runs 
down from New Salem village carries this mineral soon after it passes over 
into Prescott. 

Structure-—An inspection of the map will show that the band crosses 
the north line of New Salem, after disengaging itself from the Walnut Hill 
anticline, as a simple syncline, and continues thus to the middle of the 
town, where an upfolding of the whetstone-schists (e€) separates the mica- 
schists (/) into two parts, and a little farther south this upfolding brings 
up also the amphibolite (d), which runs down to the east of the large 
diorite area and seems to end upon an eastward prolongation of the great 
Pelham cross-fault, and I have so represented it. 

The western and broader portion into which the mica-schist (/) is thus 
divided contracts rapidly and sends a narrow lobe down west of the dio- 
rite mass into Prescott, where it ends. All these irregularities stand in 
relation to this great mass of diorite, as appears plainly from an inspection 
of the map, and prove that it was present passively during the upfolding of 
the rocks, preventing the continuance southward of the regular syncline 
in New Salem already described. Indeed, a further irregularity appears 
east of the north end of this diorite mass, in that the three lower members 
of the series disappear, and the mica-schists can be for a long distance seen 
resting directly upon the gneiss to the east. 


PRESCOTT AND ENFIELD. 
STRUCTURE. 


Across Prescott the band continues unchanged. It is bordered on the 
east and the west by faults which separate it from the Monson gneiss (a) 
and conceal the two lower beds. The surface is thus mostly occupied by 
the whetstone-schists (e—Savoy schist), the amphibolite (d) coming up 


THE GREAT CENTRAL SYNCLINE. 233 


through these near their western border, and a broad band of the mica- 
schists (/) separating them from the gneiss on the east. 

As they pass into Enfield both these faults become less effective On 
the west the Monson gneiss is no longer brought up to form the western 
border of the band of schists, but these are permitted to come into normal 
relations with the Pelham band beneath the sands of the West Branch, the 
two forming a double syncline of much regularity. The fault, however, 
seems to continue due south across the whetstone-schists, directly toward 
Enfield village, and it is marked north of this village by a line of crushed 
rock full of comby quartz, which runs down west of the amphibolite and 
between the two roads running north from the village, near the house of 
J. Thayer. On the east the amphibolite (d) appears again, and toward 
the southern part of Enfield the Rowe two-mica-gneiss (b) also comes up 
from below the latter. 

At this point the band comes under the influence of the Belchertown 
tonalite and passes down its eastern border, through Ware and Palmer, 
greatly faulted and metamorphosed, so that its description is connected with 
the discussion of the contact metamorphism effected by the tonalite (p. 243). 

South of this it becomes the West Monson syncline, which is more 
naturally associated with the other bands east and west of it and is discussed 
in a later section of this chapter (p. 249). 


PETROGRAPHICAL DESCRIPTIONS. 


The basal bed of the series (Rowe) is wanting through nearly the 
whole area. Where it reappears, in the south part of Enfield and Ware, it 
is a coarse muscovite-gneiss, as in Pelham. »The amphibolite requires no 
special description. The whetstone-schist (Savoy), usually a gray whet- 
stone, becomes in North Prescott, near H. Stetson’s, a flat-fissile sericite- 
schist with large garnets (15-20), which change externally into coarse 
chlorite. It corresponds exactly with the same rock west of the river—the 
typical Savoy sericite-schist—with which it is here paralleled. Farther 
south, near A. Gilbert’s, it becomes a snow-white quartzite divided by very 
broad, whitish (sericite) films. 

In Enfield, north of School No. 4, it is the same as above, but very 
greatly contorted. In the south of Enfield, on the east flank of Quabin 
Mountain, it appears in great force as a snow-white, granular quartzite, 
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with few distant films of white muscovite, which was recommended by 
President Hitchcock as a firestone for furnaces. 

Farther south, in Palmer (north of G Keith’s), it is again a pe 
crumpled, white, granular quartzite with distant sericite films; and still 
farther south, on the west flank of the high hill above Thorndike (north 
of C. Kalliher’s), it is a curious white sericite- or hydromica-schist ; broad, 
continuous wavy sheets of pea-green hydrated mica inclose flattened, 
nodular masses of friable quartz resembling loaf sugar. 

The band of mica-schist (/) which, starting at New Salem Center, 
runs down the east side of Prescott, becomes gradually more fibrolitic and 
extends across Enfield, Ware, and Palmer as a rusty, graphitic, corrugated 
schist, generally coarse and carrying few garnets. The fibrolite remains 
very fine and is not abundant, and the “augen” of transparent feldspar 
found in the next band to the east are wanting. 


THE EASTERN SYNCLINE. 
ORANGE AND ATHOL. 


. GENERAL DESCRIPTION. 


Where it branches from the broad central syncline in the northeast 
corner of Orange and crosses the town the band of the schist forms a high 
ridge looking down upon the granite basin of the Tully brooks on the east 
and upon the gneiss basin of Orange Center on the west. Itis a closed syn- 
cline with a subordinate central anticline, all slightly overturned toward 
the east. Along the western slope the western wing of the syncline is 
abundantly exposed. The center and eastern wings are almost continuously 
laid bare along the road which forms the boundary between Orange and 
Athol and on its continuation toward Athol. 

The Monson gneiss, which appears low down on the western slope 
opposite J. Worrick’s, is a stretched, slightly epidotic biotite-gneiss. It is — 
subporphyritic by the development of shapeless, opaque, white feldspar 
clumps. 

Next above is a heavy bed, occupying the whole hillside, of a rather 
coarse porphyritic gneiss, or augen-gneiss, which over a large area is not 
very different from the lower gneiss on superficial examination. When 
studied carefully, however, it is found to be very different. The feldspar, 
instead of being opaque, has a moonstone-like transparency, which con- 
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tinues to be a characteristic of the gneissoid members of this fibrolitic 
series clear across the State. The feldspars are also often in regularly 
shaped carlsbad twins. The rock is a complete augen-gneiss. 

Continuous micaceous films or sheets of varying thickness, while in 
general parallel to one another, wind in and out and inclose the quartz-feld- 
spar nodules or the larger porphyritic crystals, and these sheets are thin 
layers of a strongly fibrolitic biotite-muscovite-schist, which can be traced 
in one direction to where it is lost in thin films in local granitic masses and 
in the other to where the sheets coalesce in heavy beds of slightly feld- 
spathic fibrolite-schist. Corresponding with the stronger metamorphism, 
the fibrolite is unusually coarse for the region, occurring in distinct trans- 
parent needles and not in the fine-fibrous bucholzite. 

I have little doubt that this is a case of extreme granitic impregna- 
tion and regular insinuation of the granitic material between the opened 
laminz of the schist subsequent to its formation as a schist, and that 
the rock is the representative of the layer between the biotite-gneiss 
(a—Monson gneiss) and the amphibolite (d) in the other bands, where it is 
so often developed as a two-mica-gneiss. The band is here about 820 feet 
thick. It is thus placed as the equivalent of the Rowe schist, though 
the development of fibrolite in these lower beds is exceptional. 

Next above comes the amphibolite, very coarsely crystalline and por- 
phyritic in its lower band and carrying beds of a finely matted, fibrous, 
dull, dark-gray hornblende rock. It is about 650 feet thick. 

Intercalated with the amphibolite and forming a thin bed above it is a 
rusty, very arenaceous biotite-schist of rather fine grain, which lacks fissility 
but agrees quite well with the whetstone-schist of the Northfield series. 

Above this comes a great thickness of the coarse, very rusty mus- 
covite-biotite-schists, in places very fibrolitic, the fine-fibrous mineral 
(fazerkiesel, bucholzite) occurring in films or in regularly disseminated 
porphyritic blotches, whose shape and arrangement are so like those of the 
blotches of muscovite common in these schists as to suggest the derivation 
of the fibrolite from the muscovite. Two things are certain, that the 
fibrolite is closely associated with the muscovite, and that its amount 
increases with the increasing intensity of the metamorphism, as is best seen 
in the abundance and large size of the mineral in the contact ring of the 
tonalite in Belchertown. 
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In the center of the area the amphibolite is brought up along the south 
line of the town, as it seems to me, by a minor fold. It may be traced 
north nearly to North Orange. On the east of the anticline the amphibolite 
appears in force at the third bend after passing the site of the old fort on 
the road to Athol. 

The beds above the amphibolite, which represent the whetstone-schist, 
are a fine-grained biotite-quartzite, having some resemblance to very fine- 
grained varieties of the lower gneiss. Northward along the eastern border 
the lower beds are everywhere covered by the broad gravels of the valley. 


METAMORPHISM OF THE AMPHIBOLITE BAND AS IT IS INVOLVED IN THE GRAN- 
ITITE OF THE ATHOL BATHOLITE, AND ITS LATER CHANGE TO STEATITE. 


The great bed of amphibolite which occurs east of Athol, and which 
is in one place changed to steatite, can be followed a long way N. 20° W., 
and after disappearing for a distance beneath the sands it appears again in 
the southwest shoulder of Tullys Mountain, east of North Orange, crosses 
the great granitite mass like a bridge, and is continued beyond in the 
schists, changing with their strike to the northeast. It mounts the steep 
granite mountain side with a width of about 40 rods, and is well exposed 
by the workings of the soapstone quarry. The adjoining granitite is a 
fine-grained biotite-granite, containing rarely large crystals of magnetite 
and a little allanite. It shows a slight banding parallel to the contact with 
the schist, and sends offshoots into the latter. 

At the quarry the contact for a long distance runs athwart the folia of 
the schists, and their twisted ends abut against the granitite and are parted 
by it. The great mass of the hornblende-schist is changed into a coarse, 
shining, dark-brown, massive gedrite' rock, containing small, fresh plagio- 
clase grains, and abounding in small, sharp cubes of pyrite with truncated 
corners, or a more friable dark-green aggregate of actinolite needles. In 
part, especially near the borders, the rock retains the banded appearance 
which it has beyond the limits of the granitite. All the contact phenomena 
are those of an eruptive rock upon a schist. In several places the massive 
gedrite rock is further changed, in bands running about N. 70° E., into a 
dark-green soapstone abounding in white dolomite, tale, and a green chloritic 
mineral. In some places there are, over broad surfaces, plates of clinochlore 


1 For description and analysis see ‘‘ Gedrite” in A mineralogical lexicon: Bull. U.S. Geol. Survey 
No. 126, 1895, p. 86. By mistake the mineral is assigned to Warwick instead of Orange. 
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several inches across. The steatite did not appear to be, either in character or 
amount, of economic importance. 'This seems to be a case similar to many 
I have studied among the great granite ovals in Massachusetts, where the 
igneous rock has forced its way upward through the compressed schists, 
dissolving or parting them in its progress, so that: the present erosion sur- 
face often presents an appearance as if the great separate floes of the schist 
had floated upon the granite while still held in orientation with the sur- 
rounding schists. They bear testimony to the continuity of the overlying 
schists which once covered the granite and projected into it, and they owe 
their common dip and strike to this former connection. 


WARE. 
GENERAL DESCRIPTION. 


The eastern band of schists leaves the county at the south line of 
Orange, and, traversing Worcester County for a long distance, reenters the 
area of the map in Ware and crosses Palmer and Monson. The fourfold 
division of the schists, which has been persistent over so large an area, and 
which seems to be somewhat less distinct at the beginning of this band in 
Orange, here fails entirely. It is reduced to a twofold division of amphib- 
olites below, resting directly upon the Monson gneiss, and a great volume 
of fibrolitic mica-schists, the lower portion of which may represent the 
whetstone-schist, but in which no persistent lithological distinctions can be 
established. 

On the map I have given to this band a color resembling that given to 
the Conway mica-schist, since in Orange and Warwick the gradual passage 
of schists which are lithologically and stratigraphically the representative 
of this terrane into these fibrolite-schists can be clearly followed, and the 
lessening of the number of distinct bands above the amphibolite seems to 
be effected mainly by the suppression of the whetstone-schist or its merging 
with the hornblende-schist, with which it seems more intimately connected 
than with the upper bed, rather than by its becoming lithologically like this 
upper bed—that is, like the Conway mica-schist. 

Across Ware the amphibolite can be followed with apparent continuity 
(it is, of course, much covered by loose deposits), bordering the fibrolite- 
schists on either side and separating it from the Monson gneiss below It 
presents no peculiarities of interest. 
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The fibrolite-schists are deep-brown biotite-schists, in which the red- 
brown shade of the biotite is very characteristic. A fine, silky fibrolite is 
very abundant. Deep-red garnets are common, and it is largely due to their 
ready decomposition that the schists have always at surface a very rusty 
appearance. Nodular masses of a perfectly fresh and limpid moonstone, 
often 20-30" across, and generally consisting each of a single untwinned 
crystal, appear at times abundantly in the schists, whose layers wrap round 
the nodules so that they seem like pebbles. They are often surrounded bya 
border of sugary, white, granular feldspar, plainly formed by the crushing of 
the large central mass and the slight displacement of the fragments produced. 
This displacement becomes at times considerable in the direction of the 
bedding; . and the granular material is drawn out in tails forming complete 
‘“‘augen,” which, with their centers of orthoclase as limpid as calcite, stand 
out in marked contrast with the deep red-brown of the schist. They inclose 


occasionally garnet and graphite, but I do not recall an inclusion of fibrolite. . 


Graphite in minute scales is everywhere present in the rock and is at times 
i y 
quite abundant. 

PETROGRAPHICAL DESCRIPTION. 


Mica-schist from Ware. In the bluff near the contact of mica-schist on 
hornblende-schist, 175 rods southwest of B. Bond’s house, is seen a black, 
fine-grained schist with wavy, shining lamination surface, which may almost 
be called an argillite, with rarely deep-red garnets and large porphyritic 
spots of white feldspar. 

In section the dark color is seen to be due partly to trains of coaly 
matter, but more to the dark color of the biotite scales, which are dark 
olive-green in thin plates. 

The garnets are apolar and without inclusions. The feldspar is ortho- 
clase, with no trace of microcline. The rock is very interesting from the 
pseudofluidal structure developed by the gradual growth of the orthoclase 
in the mass. The centers are large, rounded or quadrangular masses of feld- 
spar, showing at times very faint undulose extinction. At either end are 
grouped a congeries of intergrown grains variously arranged optically, and 
tapering away to form with the central pieces “augen,” around which 
trains the mica-scales curve. Outside these other bands of feldspar grains 
appear, and converge iu either direction to meet and inclose the central 
band of mica scales. Outside this another band of mica scales widens out 
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to include the whole, and this is sometimes repeated several times on one 
or both sides of the center, showing a gradual growth of the feldspar within 
the mass of the mica-schist. There was first the formation of the large 
central mass and its welding with a layer of the mica scales at its surface 
(scattered scales of the same mica occur within the large feldspars), and 
later the addition of other granular layers of feldspar outside the first, each 
retaining in contact with its outer surface a film of the mica scales. Each 
feldspar layer has possibly some relation to a stage in the folding process 
of the rock, by which strains were set up within it and localized at the sur- 
face of the feldspar grains, so that growth of new feldspar at that place was 
made possible. 
THE HARDWICK GNEISS. 


In a communication to the Geological Society of America ai New 
York in 1889* I described briefly the great bands of granite which cross the 
State as batholites of igneous rock, melted up along great synclines of the 
compressed schists, and stated that the Cambrian biotite-gneisses, which are 
sometimes finely granitoid from recrystallization, could scarcely be distin- 
guished from these granites made schistose by crushing, and I held the 
‘Barre and Orange bands in reserve, as their relations to the gneisses and to 
the granites were so evenly balanced that I could not decide in which ecate- 
gory to place them: A more extended study of the band across Massachu- 
setts and New Hampshire has convinced me that it must be put with the 
intrusive bands, as it shares so many of the characteristics of the latter. 
It is intruded as a broad band in the fibrolite-schists, while if it were the 
Monson gneiss in normal relation to these schists in the core of an anticline 
it would be separated from them on either side by amphibolite and whet- 
stone-schist, as is the case in the anticlines next east and west. Now, the 
northern end of the next eastern band—the Orange band—is the counter- 
part of the northern end of this mass. The shape is the same; the rocks 
are in places scarcely distinguishable; but the newer rocks seem to mantle 
round the Orange area as around a core of gneiss, and the band can be 
traced continuously south into union with the Palmer-Monson area, Where 
the interbedded quartzites and conglomerates prove the mass to be a Cam- 


1Porphyritic and gneissoid granites in Massachusetts: Bull. Geol. Soc. Am., Vol. I, 1890, p. 559. 
The name Barre granite used here has been changed above to Hardwick granite to prevent confusion 
with the well-known granite of Barre, Vermont. 
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brian gneiss. I am thus constrained to leave the Orange band with the 
gneisses and to assign the Hardwick band to the granites, in spite of their 
resemblances. The latter band widens as it goes north, and crosses the State 
line with the whole width of the country between Royalston and Winchen- 
don, and ends with the characteristic blunt point north of Fitzwilliam; and 
the line of the syncline continued passes under Monadnock, and the granites 
possibly continue along this line, beneath the mountain, and have caused the 
large development of andalusite in its schists, as they have on the border of 
the Princeton band and in the center of the Worcester slates. Only its 
southern, narrowed end enters the territory under review, in Ware, and runs 
down the eastern portion of the Palmer quadrangle. Across the whole State 
the narrower western portion of this band is a very dark granitite—generally 
dark from excess of black biotite, more rarely by the presence of jet-black 
hornblende. The eastern portion is an excellent biotite-muscovite-granite, 
like that of Fitzwilliam. The darker portion is well exposed in the railroad 
cut at Gilbertville, and is described below. Where the Coys Hill granitite 
crosses it it carries large “‘augen” of adularia, like the adjoining schists. It 
is thus older than the post-Carboniferous granites. 

The rock may be studied best along the road running east from South: 
Monson and near the east line of the town. At L. Bradway’s it resembles 
a good typical Monson gneiss, as also at B. Brook’s. At T. Sutleff’s a black 
granular hornblende-granite, a dark biotite-granite with amber feldspar, and 
a granulite full of shining-white fibrolite occur on this terrane. Such fibro- 
lite always appears to have been dissolved in granite, being derived from 
the adjacent fibrolite-schists. 


PETROGRAPHICAL DESCRIPTION. 


- At the first cutting on the Central Railroad northeast of Gilbertville 
station, 17 feet east of a pegmatite dike, occurs a rather fine-grained granite, 
nearly black from the abundance of biotite and magnetite, and of slightly 
subporphyritic aspect from the presence of disseminated scales of biotite, 
or groups of scales 8-4™™ across. 

Under the microscope it is a wholly fresh, highly crystalline granitoid 
rock. On a background of closely interlaced grains of orthoclase and plagio- 
clase an abundance of biotite, magnetite, and epidote appears. Quartz is 
wholly or almost wholly wanting, and there is no trace of ‘microcline. The 
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older constituents are apatite, magnetite, zircon, rutile; the newer, biotite, 
orthoclase, albite, epidote, pyrite. Apatite is very abundant, as is also 
magnetite; pyrite is rare. The abundant biotite shows the richest absorp- 
tion colors. ; 

A large erystal of albite contains many small, sharp plates of biotite 
parallel to 0 P (001) and o P & (010), and the section is so exactly parallel 
- to © P & (100) that these plates are both presented edgewise to the eye. 
It extinguishes the light at 22° and 23° with the twinning plane, while the 
mica plates make with each other an angle of 94°. It is also crowded with 
minute black rutile (?) microlites, which are broken up to an unusual extent 
into short rods, or often into long, rigid rows of black dots “parallel to 0 P 
(001) and « P % (010), and in other directions as well. The epidote usually 
associated with the magnetite shows striking absorption—a = colorless, # = 
pale mountain green, c=salmon color. The zircon is in small, rounded, 
limpid grains, with rounded liquid inclosures, or many large elongate, stout 
prisms with several constrictions and centrally densely dusted with black 
grains. This agrees closely with the type of zircon occurring in the 
gneisses as determined by K. de Kroustchoff! 


PALMER. 


Across this town the western band of amphibolite is broad and well 
marked; it commences where the town line runs north nearly to the Ware 
River, and continues south to Fentonville, being well exposed west of E. 
Shorley’s in the middle of its length. The eastern band is wanting. 

The mica-schist extends across this town with less width than it has 
through Ware. The great east-west fault through the south of Ware, on 
the south of which the rocks are thrust far to the westward against the 
granite, seems to account for this.. The schists in the northern half of 
the town are dark, rusty, fine-grained biotite-schists, in which fibrolite is 
exceptionally rare, but it sets in again abundantly in the southern part of 
the town. 

MONSON. 


The same series crosses Monson, forming the crest of East Hill and 
Moulton Hill, and crosses the State line east of Cedar Swamp Hill. It is 


1 Bull. Soc. Min., Vol. XI, p. 173. 
MON XXIx——16 
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well exposed in a section continued a mile east from the town farm, or east 
from South Monson, past the house of T. K. Beckwith. 

After passing over the Monson gneiss and the amphibolite one comes 
upon a band of gray, fine-grained, .thin-fissile gneiss containing garnets, 
which represents the whetstone-schist, but is so thin that it is not separately 
represented upon the map. It contains a small amount of fibrolite’in the 
finest needles. 

Just above it is a dark, fine-grained mica-schist, full of small garnets 
and spangled with transverse biotite that exactly resembles the Conway 
mica-schist, except that it contains fibrolite. 

On the next road south, in the roadside by S. Blodgett’s, the rock is a 
very striking one. It was originally an arenaceous band in the mica-schist, 
like the whetstone layers in the Conway mica-schist on the west of the river. 
It has now assumed the chocolate-brown color of the rest of the rock, and 
is full of fibrolite needles that wind with an excellent imitation of a fluidal 
structure around porphyritic masses of feldspar or garnet, which reach a 
diameter of 25-30", and very closely imitate pebbles. They are well 
rounded, but consist in each case of a single crystal. 

The feldspar is a perfectly fresh and slightly opalescent moonstone, 
regularly penetrated by blades of plagioclase so exceedingly fine that, 
except with thin plates and very high powers, it seems to be an orthoclase 
of ideal purity. These rounded masses are bounded by a sugary, granular 
border of white feldspar, clearly produced by the crushing of the central 
mass, and I have nowhere seen the cataclase structure more beautifully 
developed. . | 

The average rock of this band across Monson. is a rusty, chocolate- 
brown biotite-schist, everywhere abundantly fibrolitic and graphitic, and 
very generally carrying garnets. Occasionally it is changed into a gneiss, 
as described above, by the development of the porphyritic feldspars, but 
this seems so plainly a modification of the mica-schist during folding, by 
the warping open of cavities which became filled with feldspar, that I have 
not separated it upon the map. 

On the east of the mica-schist only traces of amphibolite could be 
found along the line of separation of the schist and the band of gneiss 
still farther east, and this could not be given on the map without great 
exaggeration. 
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THE ZONE OF CONTACT AROUND THE BELCHERTOWN TONALITE. 


THE PYROXENIC AMPHIBOLITES. 


An inspection of the map will show that the crystalline rocks are 
thrown off on all sides from the flanks of the great Belchertown “batholite,” 
and that great sheets of the same rest on the tonalite far out in the center of 
the mass. These are of the varieties most characteristic of intense contact 
metamorphism—coarse fibrolite- and pyroxene-schists, epidosites, and highly 
silicified gneisses and quartzites. 

The zone of crushing following the foothills through Leverett, Pelham, 
and Belchertown passes directly through this contact border and materially 
increases the difficulty of identification and correlation of the beds with 
their equivalents elsewhere. 

It is not possible to distinguish between the beds below and those 
above the amphibolite, since the quartzite becomes heavily loaded with 
biotite, forming a fissile gneiss, which I have found all around the mass and 
have in my notes called the Baggs Hill gneiss, from its abundant develop- 
ment in this hill in Granby near the Belchertown line. As soon as it 
approaches the granite mass the amphibolite becomes pyroxenic, as at Kel- 
leys Crossing and on south down the west side of the mass, while the Con- 
way schists become coarse fibrolite-gneiss and epidosite. 

The band of amphibolite which was traced through Leverett to Adams’s 
mills reappears between the two Belchertown ponds and wraps around the 
south end of the Pelham gneiss, uniting the Leverett-Amherst area and 
the Pelham-Shutesbury syncline, and extending across Belchertown Center 
with great width because of the disturbing influence of the tonalite. It is 
much shattered, and swarms with small aplitic dikes from the tonalite. 

A sahlite-amphibolite appears at the point where the road from Amherst 
to Belchertown crosses the railroad—in the new cutting of the Massachu- 
setts Central Railroad—and a short distance farther south in the cutting of 
the New London and Northern Railroad at the next crossing (Kelleys 
Crossing). 

Here the rock is a coarse amphibolite of dark-green color, made up 
almost wholly of broad, interlacing plates of hornblende. It is much cut 
by dikes of a flesh-colored granite (aplite) containing little mica, which send 
small veins through it in all directions, recementing the brecciated mass. 
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Bordering these on all sides, in a width from one-half inch to 2 inches, the 
hornblende is changed into a much lighter green sahlite, plainly a contact 
product. At the south outcrop a band of the pyroxene rock much wider 
occurs, which is not in visible relation to the granite. 

The schist is in places rendered gneissoid by the intrusion of sheets 
and small irregular aggregations of flesh-colored granular feldspar, which 
can at times be distinctly traced back into connection with the granite. 

Followed south along the road the rock becomes again a chloritic horn- 
blende-gneiss, and just beyond and east of its southern outcrop appears a 
band of quartzite and mica-schist, which is exposed in the cuts of the two — 
railroads and seems to overlie the hornblendic rock, as indicated in the 
section and described below. (See fig. 14.) 

In the roadside 165 feet below J. Squire’s and in the cuttings of both 
the railroads above (east of) his house occurs a flat, thin-fissile, feldspathic 
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mica-schist of dark greenish-gray color and so full of small cubes of pyrite 
that it is deeply decomposed. Dikes of coarse pegmatite from 1 to 25 feet 
wide cut through it, and they also contain pyrite and are kaolinized to 
great depth. The mica-schist is 10 feet thick. 

Below this is a thin-bedded, light-gray quartzite, slightly biotitic on 
cleavage faces. It is much fissured, and filled with combs of quartz, films 
of hematite, and calcite, and slickensided. Below this, on the west side of 
the road, is a massive, crumbling amphibolite, which seems to underlie the 
quartzite. The section is here sufficiently undisturbed to show the amphib- 
olite in normal relation to the upper beds. 

Along the road farther south, in the field east of T. 5. Haskel’s, is 
an outcrop of a coarse sahlite-amphibolite, like that at Kelleys Crossing, 
which joins Monson gneiss on the east and is cut off by a great granite 
vein upon the south. It is still coarser than that farther north, and the 
pyroxene crystals are larger. It furnished the material for the microscopical 
description of the rock below. It is a massive, friable, granular mass of 
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green pyroxene grains, with here and there a great black hornblende crystal 
appearing porphyritically in the mass, its shining surfaces luster-mottled 
by many grains of the pale-green pyroxene, which are here better crystal- 
lized and smaller than in the main mass. The pyroxene is colorless, without 
pinacoidal cleavage or inclusions of any kind. 

This is the rock that was called augitic syenite by President Hitch- 
cock, and slides were cut from the specimen in the survey collection (XVIII, 
92). The rock contains large leek-green crystals of pyroxene, large black 
hornblendes, and a scanty granular groundmass of plagioclase. 

In slides the dark-green hornblende, which is at times brown centrally, 
is luster-mottled on its broad cleavage surfaces with pyroxene, which is 
faintly reddish, of high refraction and coarse cleavage. The large pyrox- 
enes are intergrown with irregular portions of hornblende with the axes a 
and 6 of the two minerals parallel. In sections normal to b the cleavage 
lines coincide and a revolution of 17° to 19° brings the hornblende to 
extinction, and of 43° in the same direction, the pyroxene. The two min- 
erals are so interwoven that they give almost an aggregate polarization. 
Small, brown octahedra appear in the hornblende. In general the amphib- 
olite is not made pyroxenic, but is only crushed and filled with quartz veins. 
It is the usual flat-fissile, dark, fine-fibrous rock. 

Samples from an artesian well, bored on the grounds of Mr. Myron P. 
Walker, in the center of Belchertown, taken at the depths indicated, gave 
the following results: 


Record of an artesian-well boring in Belchertown. 


80 to 100 feet, pegmatite. 

115 feet, granite, with little amphibolite. 

130 feet, granite, with little amphibolite. 

145 feet, granite. 

160 feet, granite. 

175 feet, yellow granite, with much muscovite. 

190 feet, gray granite, with amphibolite. 

205 feet, gray granite, muscovite, and amphibolite. 
220 feet, gray granite, muscovite, and amphibolite. 
249 feet, much coarse biotite. 


Still farther south, on the west slope of Baggs Hill, in Granby, appear 
dark greenish-gray, membranous, feldspathic mica-schists, associated with a 
quartzite which is at times blackish, at times greenish, and abounds in quartz 
crystals and pyrite. 
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THE FIBROLITE-SCHIST INCLUSIONS. 


The most instructive occurrence to prove the eruptive character of the 
tonalite and to illustrate its contact phenomena is found in the broad sheet 
of coarse fibrolite-schist which runs two miles southwest from “Slab City,” 
in the east of Belchertown, to end at the house of V. H. Pease. In the mid- 
dle of the road that runs along its southern border at the western Clough 
house—this and the Pease house being the only ones on this road—at a 
watering trough, a brook crosses the road, coming down over the rocks, and 
30 feet above the road one sees the contact of the tonalite and the schists 
above it, and at the trough the quartzite appears as a granular quartz- 
epidote rock. The bright yellow-green epidote is in rounded crystals, each — 
surrounded by a white spot, from which the iron has gone. to supply the 
epidote crystal. 

At the northeast end of the inclusion, at G. Robinson’s, a dark biotite 
schistose gneiss, like that found at Baggs Hill, dips normally under the 
fibrolite-schist. The biotite is black, with a shade of green, and makes 
continuous films through the granular quartz mass. Below this gneiss are 
beds of a thin-fissile, slightly micaceous quartzite. 

This fixes the position of the fibrolite-schist as the equivalent of the 
upper mica-schist, as does the fact that it lies in continuation of the mica- 
schists in Enfield, and the latter are the only beds sufficiently argillaceous 
to have furnished material for so much aluminous silicate. These same 
mica-schists grade eastward into fibrolite-schist and continue across 
Worcester County, but they are rarely so coarse as here. 


PETROGRAPHICAL DESCRIPTION. 


Fbrolite-chlorite-schist, from bowlder in cutting on Massachusetts Cen- 
tral Railroad, South Belchertown, but coming doubtless from the contact 
zone of the granite; a stretched gneiss-like rock of gray color, with shade 
of green and showing much fibrolite. 

Under the microscope radiated fibrous tufts of a green, chloritic mineral 
inclose much graphite in notched plates,.and this chlorite is associated with 
an abundance of large garnet. grains free from the same inclusions, and 
these together frame large grains of quartz full of rutile needles. The 
quartz polarizes as a mass of grains and is plainly secondary. The fibrolite 
is abundantly woven through the whole. 
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Ftbrolite-biotite-schist, from south end of the main belt of schist in the 
granite. This is a coarse schist, showing an abundance of muscovite and 
biotite, rusty, and containing large spots of garnet and coarse fibrolite 
blades, often 3-5™ wide. 

The microscope shows many black scales, part of which are blood-red 
specular iron, and part seem to be graphite, as they are grown together in 
long lines and have rounded outlines. There are many rutile needles in 
the quartz. 

Garnet-staurolite rock, from large bowlder in the first cutting of the 
Massachusetts Central Railroad south of Belchertown, and coming doubtless 
from the band of fibrolite rock to the north. This rock represents the 
extreme of metamorphism reached by the rocks bordering the granite. It 
is a highly crystalline rock of medium grain. Large patches of garnet 
and quartz and much biotite are-visible to the eye, and the lens detects 
much staurolite, graphite, and a few shining surfaces of fibrolite. 

Under the microscope nearly half the surface is occupied by stauro- 
lite; the garnet patches are seen to be made up of congeries of small 
grains, and these two separate quite widely the quartz patches, which are 
crowded with fibrolite and rutile microlites and are thus plainly secondary 
quartz. All these minerals include plates of graphite scales—single or 
grown. together in long series. 

Eipidote rock, from Belchertown. This is an interesting product of 
the contact metamorphism of the tonalite upon the schist. It occurs at the 
watering trough near the house of J. Clough, in the southeast part of 
Belchertown. The rock has a mottled look; a white groundmass winds 
among rounded spots of a dark yellowish-green color, made up of biotite 
and epidote. The rock grades into biotite-gneiss. 

The epidote is the most abundant constituent, and with a strong lens 
one can make out the fresh, shining, model-like crystals, regularly dis- 
seminated, and semiopaque centrally. With the microscope they are seen 
to be filled with grains of quartz, of elongate, irregular shapes, and very 
large in proportion to their host, which crowd the central portion and 
radiate outward. It contains, also, chlorite scales. Biotite, regularly 
disseminated and. strongly dichroic, molds itself to the epidote, as does the 
rare quartz. Apatite occurs in regular crystals, forming pleochroic rings 
in the biotite. 
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All the constituents are perfectly fresh and almost entirely free from 
fluid inclusions and microlites, and the absence of these, as also of zircon, 
rutile, garnets, and iron ore, is remarkable. 

Hand specimens are on one side biotite-gneiss, on the other epidosite, 
and the two seem normally interlaminated; but the latter must be of later 
and very different origin, and may be in effect a vein stone, in which, per- 
haps, the chlorite scales are remnants of the earlier rock, which has been 
almost wholly resorbed to make place for the new minerals. 


THE WILBRAHAM SYNCLINE. 


South of the deep transverse valley of the Quabaug and its continua- 
tion in the Chicopee River, the simplicity of the geology is as marked as is 
the complexity of the region north of the same valley. Three great syn- 
clines of the schists run south across the towns named above, forming as 
many high ridges. The Wilbraham syncline looks down on the sands of 
the Connecticut Valley on the west and upon the deep gneiss-bottomed 
valley of East Wilbraham on the east, and across this valley rises the West 
Mountain of Monson, made up of a second syncline of the same rocks and 
looking down on the deeper and narrower Monson Valley, which is under- 
lain by the same gneiss. Across this valley on the east the third syncline 
rises to form East Mountain, which is bordered on the east by a less strongly 
marked and yet distinct valley, underlain by a third repetition of the 
Monson gneiss and, followed farther east, by the Brimfield gneissoid mica- 
schists, forming a fourth syncline. (See sections, Pl. XXXII, and map, 
Pl. XXXTV.) 

The Wilbraham syncline is concealed in its western half beneath the 
Triassic sandstones, which rest against the western foot of the ridge, and 
the slope of the ridge on the west is so steep that it is probable that the 
fault, so well marked farther north, is continued at its base, and that the 
rocks have sunk to form the broad Connecticut Valley. It is a closed 
fold, slightly overturned to the west, and its rocks closely resemble the 
corresponding beds on the west of the Connecticut Valley in Granville. 

The gneissoid quartzite or muscovitic gneiss, the equivalent of the Rowe 
schist, which usually intervenes between the Monson gneiss and the horn- 
blendic beds, seems to be wanting here, and the hornblendic beds rest 
directly on the white biotite-gneiss. The upper beds of this gneiss are very 
fine-grained and magnetitic and probably represent the Rowe schist, but 
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no boundary could be drawn below to separate it from the Monson gneiss 
proper. 

The hornblende-schist (Chester amphibolite) is a jet-black rock, satiny 
on the surface from the effect of the great number of fine needles of horn- 
blende which make up nearly its whole mass. The whetstone-schist (the 
equivalent of the Savoy schist) is a gray, granular, friable quartzite, vary- 
ing from thin-fissile to massive, often a shining muscovite-quartzite, or 
abounding in distant flakes of chlorite. It is covered on the western flank 
of the syncline until the range crosses into Connecticut, when it appears on. 
the west flank of Perkins Mountain. 

The Conway mica-schist is a coarse, light-gray muscovite-schist, gen- 
erally barren, but, carrying at times a few garnets. Along its western base 
it is much crumpled and silicified, as if from the influence of the fault. 

On passing into Connecticut the regularity of the syncline is interrupted. 
The amphibolite band which forms the ridge of Pine Mountain, Rattlesnake 
Hill, and Perkins Mountain, in Somers, is suddenly cut off in the south 
shoulder of Perkins Mountain by the gneiss. The latter rock, which up to 
this point has dipped a little north of west, here swings around sharply, dip- 
ping steeply north and northeast, so as to cut off the whole series up to the 
mica-schist, and, reversing its direction, it runs south again, dipping normally 
beneath the Conway schist, of course with a fault boundary. 


THE MONSON SYNCLINE. 


The west Monson syncline is a perfectly symmetrical closed fold of the 
schistose series in the gneiss, and its character will be understood by com- 
paring the detailed section below with the cross-sections on P]. XX XII. The 
section given below commences with the older rock—the Monson gneiss— 
on the east, at a point 1,830 feet east of the sharp turn in the road at the 
house of A. Bliss, jr., a mile northwest of Peaked Mountain, and runs west: 


a.1 Monson gneiss. 

b. Rowe schist. Gneissoid quartzite, with very little feldspar, muscovite, and a 
green mica or chlorite, with beds of gray biotite-quartzite, chlorite-schist, and horn- 
blende-schist appearing a little farther north, opposite the house of J. Burley; 361 feet. 

d. Chester amphibolite, Epidotic quartz-hornblende-schist, thin-bedded above 
and changing into chlorite-schist; 459 feet. 

e. Savoy schist. Chloritic mica-schist, with subordinate beds of muscovite- 
gneiss, changing above into arenaceous mica-schist (whetstone-schist) and still higher 


! These italic letters refer to sections described on pages 213-214. 
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into quartzite and quartzose sericite-schist, with pale-green hydrated muscovite and 
large distant garnets; 3,791 feet. 

jf. Conway schist. A coarse, lead-gray, barren mica-schist occupies about half 
the thickness of this bed and is succeeded above by a corrugated mica-schist of fine 
grain, very dark, from the large amount of graphite in it, and abounding in small 
garnets (oo P) and dark red-brown biotite, set transversely to the bedding; 1,188 feet. 

The similarity of this series to the corresponding one across the Con- 
necticut Valley is striking. Each subdivision between the Becket gneiss 
and the Leyden argillite is represented, though with diminished thickness. 
The Savoy schist (e) is well exposed in the first cutting west of the Palmer 
station on the Boston and Albany Railroad. Here there is trace, apparently, 
of a corrugation of the quartzite, upon which the vertical foliation may be 
superinduced as a secondary structure. This would throw doubt upon the 
thickness given above. Following the Somers turnpike a mile and a half 
west from the south end of State-line Pond, in Connecticut, at the south end 
of the long ridge of Peaked Mountain one comes upon the finest quartz- 
conglomerate in the Rowe schist. It is in a great ridge on the north side 
of the road, at a ruined house northwest of the schoolhouse. 

The mica-schist (f), the central portion of which agrees strikingly with 
the Conway schists clear across the town, is best studied where the road 
from Palmer to Hampden crosses it, a mile northwest of Flynt’s quarry. 
The uppermost beds are so fine-grained and plumbaginous that they recall 
the Leyden argillite, and this is exactly the horizon at which it should 
occur. . 

If the section be continued westward it repeats itself exactly in inverse 
order, though here the amphibolite is very generally porphyritic in appear- 
ance—a structure which is due usually to the absence of hornblende from 
small spots regularly disseminated, so that the whole granular groundmass 
shows; but many bowlders of the rock found in the southwest corner of 
Monson are of fine, porphyritic diorite-schist with fresh, poorly cleaving 
feldspars in close-set, rounded grains. 

It seems to me probable that a narrow fragment of rocks of this series 
starts east of Flynt’s quarry, near the ‘‘rock house,” and extends north 
through Bunyan Mountain, either faulted down into the center of the anti- 
cline or brought there by a subordinate downward fold of the schist which 
formerly mantled over the gneiss. It was of too limited extent to find place 


upon the map. 
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THE EAST GREENWICH-ENFIELD SYNCLINE. 


A narrow syncline comes out from beneath the sands east of Green- 
wich village and near the east line of Greenwich. Traces of it appear to 
the north, mostly covered by sand, along the roadside east of Warner’s pond. 
It makes the high hill which extends down the east line of Greenwich and 
Enfield, and is well exposed along the road running east from Enfield. 
Here, near W. N. Avery’s, the fibrolite-schist is a nearly pure bucholzite, 
in thick layers, in a fine-grained feldspathic quartzite without brown mica, 
graphite, or garnet. As it lies immediately above the amphibolite it occu- 
pies the position of the whetstone-schist. The center of the series is occupied 
by the rusty mica-schist, while on the west there is a dull-greenish graphite- 
garnet-muscovite-schist and a granulite with its garnets bordered by green, 
and both these beds indicate the presence of the basal beds below the 
amphibolite, but not in thickness sufficient to be put upon the map. In 
Ware this terrane is well exposed between the town farm and the schoolhouse 
to the west. 

It is shifted to the west by the great fault in the south of Ware, and 
across Palmer it forms the high Pattaquattic Hill and the range of high 
ground south across the town. On the south flank of this hill, northwest 
of J. Carrigan’s, the black mica-schists are locally so crowded with the 
large rounded ‘‘augen” of feldspar that the separated folia of the schist, 
2-5™ thick, wind in and out among the latter and occupy not more than a 
fourth of the space in a cross-section of the rock. 

In Palmer it can best be studied along the road running east from the 
Center, and its first branch to the northward, especially in the hill east 
of B. Olney’s. Here a distinct band of quartzite appears above the amphib- 
olite. It runs out soon after reaching Monson. 


RESUME. 


ARGUMENT FOR THE IDENTITY OF THE SCHIST SERIES EAST OF THE 
CONNECTICUT WITH THOSE ON THE WEST. 


In the north of the State the beds in the first band east of the river 
agree most closely with the corresponding beds west of the river, and some 
of them, as the Conway schists, agree exactly in a multitude of characters, 
Southward the strata change greatly, but in the latitude of Amherst the 
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corresponding strata east and west of the river still resemble each other 
closely. Farther south the beds revert to the types prevalent in the north- 
ern part of the State, but with many minor peculiarities, and still the resem- 
blance is close, bed for bed, between those on the east and those on the 
west of the river. 


THE PASSAGE EASTWARD INTO THE BRIMFIELD FIBROLITE-SCHIST. 


On the north of Warwick the Conway schists agree exactly with those 
in the Northfield syncline next west, and thus with the type west of the 
river. As the beds are traced south along the strike they gradually become 
fibrolitic, and the same change takes place slowly across the strike as one 
goes eastward into higher beds. 

Because of the abundance of granite, metamorphism is more pro- 
nounced in the central part of the State, and here fibrolite occurs in the 
schists all the way to the Connecticut. Again, where the nonfibrolitic 
Conway schist passes out over the Belchertown tonalite it becomes most 
coarsely fibrolitic. Finally, as the beds are followed still farther east 
across Worcester County the great increase of granite promotes a corre- 
sponding increase of fibrolite in the highly aluminous Conway schists, and 
they are named for convenience the Brimfield schists. 
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HISTORY. 


1819. ‘“‘Argillite sometimes alternating with mica-slate, siliceous slate,” 
“undoubtedly primitive.” Almost perpendicular, inclining a few degrees 
to the west. (1,’p. 105.) The hornblende-schist of this series is associated 
with the Triassic ‘‘greenstone.” (1, p. 109.) 

1823. Extends from Leyden, north to Rockingham, Vermont; occurs 
again at Woodbridge, Connecticut; often tortuous and slightly undulating, 
especially when passing by imperceptible changes into mica-slate. It 
embraces numerous beds and “tuberculous masses” of white quartz. 
It also alternates with mica-slate, and a peculiar coarse limestone. forms 
beds in the argillite. The map separates the argillite from the mica-slate 
on the west by a continuous band of limestone and extends it eastwardly to 
include all the mica-schists which have been associated with the Bernards- 
ton limestone in later time, while the mica-schists on the eastern side of 
the river are associated with the mica-slate west of the argillite. (2, p. 36.) 

The hornblende rock is separated as primitive greenstone in the north 
of Gill and south of West Northfield. (2, p. 31.) 

1832. The limestone and magnetite beds which had been worked forty 
or fifty years before, but had produced poor iron, are described briefly in 
their economic aspect but without geological data. (4, p. 27.) It was 
supposed to form a bed in the argillite. Compares it in value with a gold 
or silver mine. 

1833. Fossils discovered in the limestone and figured (6, atlas, pl. 14, 
p. 47); and the limestone, though not seen in contact, supposed to lie uncon- 
formably upon the argillite. The quartz rock lying above the limestone, 


‘The numbers 1, 2, 3, etc., refer to the numbers above under the head of Literature. 
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but not seen in contact, is noted. The complex foldings of the argillite 
are described and figured. (6, pp. 289, 295.) Concludes that the encrinal 
limestone is newer than the argillaceous slate: 

1841. Doubts are expressed as to the encrinal character of the fossils. 
The relations of the argillite, limestone, and quartzite described as before. 
(7, pp. 54, 556, 560.) 

1851. Because of the discovery of an upper stratum of slate (the upper 
schist described below) beneath which the limestone passes, it is decided 
that the whole of the argillite together with all the series to the top of 
the upper schist of the section on page 258 is Devonian, in accordance 
with the determination of the crinoids by Prof. James Hall, who thought 
them to be of the age of the Onondaga limestone. (10, p. 298.) 

1858. Bernardston and West Northfield are divided about equally by 
a north-south line between argillaceous slate on the west and hornblende- 
schist on the east, with the number for mica-slate entered on the area 
of the latter, but not subdivided from the rest. Limestone and iron ore 
marked. (11.) 

1861. While the preceding history has dealt entirely with the work of 
President E. Hitchcock, I understand, though it is not distinctly stated in the 
chapter in question, that the report of the Vermont survey was based upon 
the studies of Prof. C. H. Hitchcock, and I have so indicated above 

Under the heading “Upper Helderberg Limestone” is given the best 
section yet published of the rocks in question, containing every bed of 
importance except one, and indeed one bed, D, a clay-slate immediately 
above the limestone, which does not exist. All the beds from the argillite 
up are made conformable, but no other indication is given in the chapter as 
to how much of the series is assigned to the age indicated in the heading. 
The upper quartzite (that is, the quartzite east of the limestone on the 
Williams farm) is suspected to rest unconformably upon the argillite in Ver- 
non, the intervening members being absent, and on page 598 of Vol. IT this 
quartz rock, with the gneiss into which it grades, is assigned to the Devo- 
nian age, from its identity with the upper quartzite of the Williams farm sec- 
tion. Attention is called to the fact that an upper schist resting upon the 
quartzite—it is described as a ‘distinct clay-slate, thicker- bedded and harder 
than most clay-slates”—is not elsewhere seen resting upon the quartzite. 
This I have not found to be true. (12, Vol. I, p. 447; Vol. II, p. 598.) 
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1870. Prof. C. H. Hitchcock classes the argillite as Upper Silurian, and 
the Bernardston series is “‘doubtfully referred to the Devonian.” ‘Both 
above and below are quartzites not of great thickness, and also slates.” 
(18, p. 4.) 

1873. Prof. J. D. Dana pronounced the argillite to be an older formation 
lying unconformably below the other members of the series, as supposed by 
K. Hitchcock in 1833 for the argillite in relation to the limestone—an 
opinion receded from on the discovery of an upper band of slate—and by 
C. H. Hitchcock in 1861 for the overlying quartzite. From the close 
resemblance of the mica-schist and quartzite on the other side of the Fall 
River Valley to that on the Williams farm, he assigns to the age of the 
Helderberg these and the new rocks associated with them, viz, staurolite, 
mica-schist, hornblende rock, and feldspathic quartzite, which comes at last 
closely to resemble true gneiss. 

He concluded that the Coos group of Professor Hitchcock, if correctly 
traced out, was the continuation northward across New Hampshire of the 
Helderberg rocks, and that the two bands of hornblende rocks marked 
upon Prof. K. Hitchcock’s geological map of Massachusetts as extending 
across the latter State, with their continuation southward in Connecticut, 
as described by Percival, where they pass beneath the New Red sandstone 
near Middletown, and emerge again west of New Haven, were possibly to 
be assigned to the same horizon. 

1877. In 1877 Professor Hitchcock, first in abstract in the American 
Journal (16), and later in the Geology of New Hampshire (17), gave the 
result of a new investigation of the region in question, which diverges in 
a remarkable degree from his own and his father’s conclusions and from 
those of Professor Dana. Accepting the conclusion of the latter that the 
argillite is an older and unconformable bed beneath the strata in question, 
he claims that the limestone “does not certainly dip beneath the quartzite,” 
but “may be a remnant of a once extensive deposit covering both the 
other formations mentioned, and what remains is in an inverted position,” 
and thus is newer than all the other rocks of the region. This decided 
change of opinion caused a discrepancy in the volume already cited, as, in 
the earlier part, the series is stated to consist of several thousand feet of 
quartzite, limestones, schists, etc., and probably hornblende-schists. (17, 
p- 18.) 
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In his matured conclusions (17, p. 428 ff) the gneissoid rocks which 
in the Vermont report are stated to appear to pass imperceptibly into the 
quartzites, and to rest invariably upon them, and therefore to be newer 
(12, Vol. I, p. 598), are classified as Bethlehem gneiss, and thus assigned 
to the Laurentian. The band of this gneissoid rock crossing the State 
line west of South Vernon is marked on the map (17, Pl. XVIII) as 
Bethlehem, but in the atlas to the same volume, prepared later, it is colored 
as Coos quartzite, but left in the section at the foot of the sheet as eneiss. 

The hornblende-schist is next described, and its extension southward 
through Gill pointed out, and it is referred to the same horizon as the 
Shelburne Falls, Massachusetts, band, and both are assigned on the scale 
of colors of the map to a position below the Huronian. The argillite is 
described as Cambrian clay-slate—that is, as Primordial Silurian. 

The remainder of the series on both sides of Fall River and east of 
the Connecticut through Northfield—quartzite, mica-schist, and staurolite- 
slate—is assigned to the Coos group, and this is placed, in the stratigraph- 
ical column at the end of the book, beneath the calciferous mica-schist, 
and to the whole is given a position in the Paleozoic series above the 
Cambrian and below the Lower Helderberg. 

Professor Hitchcock calls attention to one very important matter—the 
absence of staurolite, hornblende rocks, and feldspathic quartzite from the 
Williams farm section, and their presence, with the absence of limestone, 
on the other side of the narrow Fall River Valley. In his final column of 
the rocks of the State (17, p. 674) a thickness of 500 feet is assigned to 
the Helderberg, which is not clear if only the limestone is to be assigned 
to that age. 

During the same summer I visited this region with Professor Dana and 
we went over the ground between Bernardston and South Vernon together, 
examining the Williams farm section carefully. I then called his attention 
to the lower stratum of schist beneath the limestone, and soon after detected 
fossils in the quartzite over the latter. These we found to be quite abund- 
ant. On his return Professor Dana gave the results of this examination 
and controverted the conclusions of Professor Hitchcock in a somewhat 
polemical paper (18), giving in some detail the earlier opinions of the 
latter, and deciding that, since the quartzite was both fossiliferous and 


conformable upon the limestone, the two could not be brought into their 
MON XxIx——17 
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present position by faulting or inversion, and since the schist occurs both 
below and above the limestone in apparent conformity, one or other of 


the beds must be newer than the latter. 


Both of the members of the Coos group being thus proved to be of 
the same age as the limestone—the quartzite by containing fossils and the 
schist by conformity with the latter and with the limestone—numerous 
examples of visible and conformable conjunction of the hornblende-schist 
and gneiss with both the mica-schist and the quartzite in the area between 
Bernardston and South Vernon are given, together with instances of the 
passage of the one rock into the other, in proof that these rocks are there 


all of Helderberg age. 
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Order of succession of rocks in the Bernardston region. 


Paleozoic. 


| 


Hitchcock. 


Lower Helderberg 


limestone. 


Calciferous mica-schist. 


Staurolite mica-schist. 


Coos group. 


Mica-schist, often 
stauroliferous. 


Quartzite. 


Huronian. 


| 


Laurentian. 


Cambrian slates—=ar- 


gillite. 


Bethlehem gneiss. 


Lower Helderberg. 


Dana. 


Fossiliferous limestone. 


Mica-schist. 


Staurolite-schist. 


Hornblende-schist. 


Quartzite. 


Feldspathic quartzite. 


Gneiss. 

[The order of the 
above beds was not 
fixed. The list in- 
cludes all of the 
preceding list ex- 
cept calciferous 
mica-schist and ar- 
gillite]. 


Upper Devonian. 


Emerson. 


1. Garnetiferous mica- 


schist, becoming 
staurolitic east 
and north, with 
four or more beds 
of amphibolite. 


2. Quartzite, con- 


glomeratic at 
base; becoming 
gneissoid east and 
north, with mag- 
netite and crinoi- 
dal limestone 
beds carrying 


Chemung fossils. 


Uncon, formity : 
Argillite. 
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Unconformity(?). 
3. Argillite. 


4, Calciferous mica- 


schist. 
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Professor Dana says (18, p. 381, note) that Professor Hitchcock’s 
“ater conclusions have been influenced by his faith in the lithological test 
of geological age and his unbelief in the existence of gneisslike metamor- 
phic rocks of later date than the Cambrian;” which I can not think wholly 
Just, since the latter, upon his atlas map, classes the wholly gneisslike band 
upon the north line of the State and the quartzite, together with the stauro- 
lite-schist—indeed, all the rocks in question except the hornblende-schist— 
with the Coos group, and places this among the Paleozoic rocks in his final 
scheme at the end of the Geology of New Hampshire, Vol. II. The dis- 
crepancies are, however, sufficiently great between the interpretations of the 
two authors, and I have placed in parallel columns their views and my own 
of the true order of succession of the rocks in the area in question. See 
also the section on page 285. 

1883. Mr. Whitfield (19) concludes, from an examination of the fos- 
sils, that the limestones may be Middle Silurian; the shales G. e., the 
thin-bedded, rusty quartzite immediately above the limestone) were most 
probably Middle Devonian. 

1890. 'The results reached by the writer were published in the Ameri- 
can Journal of Science (20); but as several errors unfortunately escaped 
his notice, the substance of the article is reproduced below in a corrected 
form. 


THE UPPER DEVONIAN AGE OF THE BERNARDSTON FOSSILS. 


Prof. John Mason Clarke has been so kind as to reexamine the fossils, 
and as he is familiar with the locality his conclusions may be considered as 
settling the age of the series with a large degree of probability. All the 
fossils of the upper bed of shaly quartzite occur also in the upper part of the 
the limestone, and it is not possible to separate this continuous limestone mass. 

Professor Clarke writes me as follows (January 28, 1895): 


_ The impressions left by the fossils are so distorted, obscure, and closely packed 
together that a little imagination can construe them into species of all sorts of ages, 
but I feel reasonably secure of the following points: 

First. The prevalence of a large spirifer, with moderately strong dental plates, 
like S. granulosus Conr. of the Hamilton group, or 8. disjunctus Sow. of the Chemung. 

Second. The presence of Microdon, probably abundant among the distortions, 
but recognized in a single instance. The species is uncertain, may be Hamilton, 
Ithaca, or Chemung. 
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Third. A well-defined Palzoneilo, with coarse surface strie (I obscured the im- 
pression somewhat by taking a squeeze from it). There are species throughout the 
Middle and lower Upper Devonian of a similar character. 

Fourth. Well-defined Camarotechias, like Rhynchonella sappho and R. congre- 
gata, too obscure for specific identification. 

Fifth. A recognizable fragment of a large Actinopteria. 

Sixth. The “tricircled encrinite” of Eaton and Vanuxem. Though only a crinoid 
column, this is, 1 think, the safest horizon-marker visible; at least its association with 
the other fossils mentioned helps to a close approximation to the age of the fauna. 
Its stout calcareous body has often preserved it from the distortions which have 
wrecked the associated fossils, and its characteristic expression as it occurs in the 
lower Chemung and Ithaca beds is well reproduced here. 

Thus I believe we are justified in assuming this fauna from the shaly quartzites 
to be of Upper Devonian age; no change from the old conclusion, but a better fortified 
opinion. 


DESCRIPTION OF THE REGION. 


The terrace sands of the Connecticut River are narrow upon its western 
side, where the river crosses the State line, and they continue with little 
increase of width for 4 miles southwesterly, and then, as they enter Ber- 
nardston, their boundary upon the older rocks turns abruptly west and runs 
for 7 miles a little south of west, past the village of Bernardston and along 
the north line of Greenfield. (See Pl. IV.) Bernardston village stands 
just in the middle of this line and at the mouth of a narrow valley, up 
which a lobe of the alluvial sands reaches northwardly for nearly 2 miles. 
On the west this valley is bounded by the high ridge of West Mountain, 
made up of the contorted argillite, which stretches in a narrow band far 
north across Vermont and disappears below the river sands on the north 
line of Greenfield, appearing again only in the limited outcrop just west of 
the village of Whately, 15 miles farther south, and in one newly discovered 
at the mouth of Mill River. Everywhere the slope of West Mountain 
shows only the black argillite, except in a single band back of the house of 
Mr. F. Williams, a mile north of the village, where, apparently resting upon 
the argillite, occurs the fossiliferous series. The section has a width going 
up the hillside on the line of dip of only 3,445 feet. The outcrops of the 
argillite to the north and south show that there can be only a very limited 
amount of the newer series preserved upon the hillside, while the heavy 
accumulation of till generally prevents one’s seeing its limits or its contact 
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upon the rock below. It approaches the argillite quite closely upon the 
west, and in the line of strike can not be more than 9,850 feet long. Over 
against West Mountain on the east, across the narrow valley of Fall River, 
rises a range of hills, bounded on the south and east by the terrace sands, 
which is composed of a similar series of rocks in similar succession. The 
principal difference between the two is that on the east a dark hornblende 
rock, often massive, takes its place in the series, while the limestone and 
magnetite beds of the typical section are present only in traces or in altered 
form, and all the other members are somewhat more metamorphosed. 

Staurolite here occurs in the schists, feldspar crystals and biotite in the 
quartzites, and they are thrown into complex folds and greatly faulted. 
They lie, in fact, along the center of the great syncline of the Connecticut 
Valley, which is an area of maximum disturbance of the rocks quite across 
the State. These discrepancies become less important when it is noticed 
that hornblende exists in considerable quantity directly above the Williams 
farm limestone, and the second bed of the same limestone in South Vernon 
is encased in hornblende-schist, and several of the hornblende-schist beds 
can be proved to be altered limestone beds. 

Across the river in Northfield the white saccharoidal quartzite extends 
to the base of Northfield Mountain, and is there bounded by a north-south 
fault, while only a single outcrop of schist is exposed. 


THE RELATION.OF THE BERNARDSTON SERIES TO THE ARGILLITE. 


It was originally assumed by President Hitchcock that the argillite 
and the schists of this series were conformable. Prof. J. D. Dana, finding 
the argillite about a half mile west of the limestone to have a much higher 
dip, decided that they were unconformable to and much older than the 
upper series, and this conclusion was accepted by Prof. C. H. Hitchcock. 
In tracing the distribution of the quartzite, I have given five localities where 
the boundary of the quartzite and argillite is well exposed (p. 273), and I 
could increase the number, and in each case there is apparent conformity 
and a uniform passage from the common argillite into argillite with minute 
garnets and minute biotite spangles, fine-grained black quartzite grading 


1Am. Jour. Sci., Vol. VI, 3d series, 1872, p. 343. 
2Geol. New Hampshire, Vol. II, 1887, p. 433. 
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into coarser quartzite, and conglomerate. The argillite is extremely corru- 
gated and often cleaved, and observations of dip a rod from the contact are 
of no value in settling a question like this. 


THE WILLIAMS FARM SECTION. THE FOSSILIFEROUS LIMESTONE. 
PROOF THAT THE WHOLE SERIES IS DEVONIAN. 

The long band of the rocks of the Bernardston series along the lower 
slope of West Mountain has been brought into its present position by 
extensive dislocations, and is plainly cut off by two transverse faults which 
run approximately in the brook gorge north of the limestone and in the 
larger gorge of Fox’s brook half a mile south. The area between, contain- 
ing the fossiliferous limestone, is the one here described. (See Pl. IV and 
fig.t15,) 

Passing up the hillside back of Mr. Williams’s barn, the first bed and 
the upper one on the section (fig. 16, p. 264) is a dark muscovite-schist (1), 
which is exposed in a single small quarry and separated by a depression 
which runs with the strike, and which I have assumed in the section to be 
occupied by the same schists and to have been formed by their erosion. 
The outcrops are almost continuous across the quartzite (2) and the lime- 
stone (4) which follows to the second outcrop of schist, where a similar 
depression separates the latter from the second band of quartzite, which I 
have in like manner supposed to be occupied by this schist.. 


Section of the Williams farm rocks. 


1; Garnetiferous mita-schist.2773-c41 4). eeu eee eee 73 
2. Micaceous quartzite and conglomerate..............--.-.- 443 
3. Magnetite, mamimia iiss yee ee re eh eee 34 
A. Limestone; 555. S. ges a ea erie eee a ed eee 194 
Quartzite concealed beneath the limestone (?). 
Fault. 
L’.. Mica-schisti2s 252 9.1.41 .2 ee ee ha 6 ccd 115 
2’, Quartzite and conglomerate, if conformable with the mica- 
BChISh .62.,.f.44 csc yiole cae ens ORE ta eo eee er eee 656 
Argillite. 


(The beds below the fault are a repetition of those above.) 
The argillite (ig. 16, west end).—Beginning nearly a mile northwest 
of the Williams house, and just north of the point where the road over West 
Mountain bends sharply west, a long ridge of the typical, excessively con- 
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torted argillite extends northerly. Eastward, a drumlin conceals its contact 
with the newer rock. It is probably a conformable contact of the argillite 
and the quartzite, as I have found it so everywhere in the region. 

The western outcrop of the mica-schist (1').—Where the series outcrops for 
the first time after crossing the drumlin a small area of the mica-schist of 
this series has recently come to my notice. It is a garnetiferous mica-schist, 


a a a 


a; Main Quarry. 

6, Thickest Magnetite. 

c, Excavation connecting 
Limestone and Quartzite. 

d, Excavation exposing 
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Outcrops marked with darker shade. 


Fia. 15.—Map of Devonian rocks on the Williams farm. 


like the more eastern outcrops, and it lies plainly in a small syncline of the 
quartzite 10 rods south of the western end of a row of great chestnuts 
which crown the hill. 

The western exposures of the quartzite (2').—The discovery of the schist 
just described makes plain the structure of these quartzite outcrops with 
their western dip. As the schist is in a small syncline, the quartzite makes a 
corresponding anticline on the east of this outcrop of the mica-schist. The 
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rock is dark-gray quartzite, at times a conglomerate, weathering very rough, 
with strike and dip very irregular and uncertain, with many slight slips 
and crushings—indeed, often completely brecciated and recemented with 
limpid quartz. Locally it passes into a black siliceous slate by the micro- 
scopical development of biotite and the accumulations of coaly matter. A 


ZS 


Quartzite.~ 


Fig. 16.—Section of Devonian rocks from the Williams farmhouse 250 rods northwest to the sharp bend in the road 
over West Mountain, along the section line on map, fig. 15. 


few scales of the former mineral can be seen with the lens. Up the hillside 
from the limestone along the line of dip, two small ledges of the rock appear, 
as may be seen from the section, widely separated from each other and from 
the rocks above and below. 

It is not difficult to find among the less crushed portions of each ledge 


Vacs aug foprove conformity between Limestone and Quartzife. 
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Fie, 17.—Section of the Williams farm quarry; an enlargement of the center of fig. 16, at a of fig. 15. 


pieces which agree exactly with the quartzite above the limestone, especially 
that which outcrops a few meters above the latter, and its peculiar appear- 
ance is largely due to crushing and infiltration of quartz. The same result 
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is reached by examining the quartzite ledges along the strike north and 
south from this point and comparing them with the “upper quartzite.” 

Lhe mica-schist west of the limestone (1').—This rock, like that east of 
and above the limestone (1 of the section) is a dark, even-bedded musco- 
vite-schist, so fine-grained as to be almost indistinguishable from the even- 
bedded varieties of the argillite below, with its glistening surface pitted 
here and there by minute hollows from which small red dodecahedral 
garnets have fallen out. It is abundantly marked by small bodies, which 
appear much like minute altered chiastolites barely visible to the eye. It 
occurs only at the bottom of the slope just west of the line of excavations 
for limestone. (See ‘Petrographical description,” No. 14, p. 291.) 

Fault between the schist and the limestone (d, fig. 15).—The bed last 
described apparently dips 25°-35° E. under the limestone, with the strike 
N. 70° E. But just opposite and northwest of the largest excavation in 
the limestone, under a small apple tree, where the schist seemed certainly 
to go under the limestone, and where Professor Dana and I once dug 
down and followed it for 6 inches under the limestone, I had excavations 
made at a later time, having doubted the reality of the apparent conforma- 
ble superposition because the bed of limestone rested on the schist with 
abrupt transition and total want of continuity. I found the two rocks to 
be faulted against each other, the wall of the limestone bending under for 
a few inches and then going down vertically, and the schists, so flat in the 
exposures below, were here crumpled up sharply and ground into shapeless 
masses against the limestone. I followed the fault down nearly 4 feet 
without finding the bottom of the limestone, but mingled in the crushed 
schist I found fragments of the chloritic rock which lies in the limestone 
and is exposed in the bluff to the north (fig. 18). At a later date I had 
further excavation made, uncovering the northern bluff, where also the mica- 
schist approached the limestone at its northern end, and I exposed here a 
zigzag fault line between the schist on the west and the black magnetite- 
pyzite-chlorite-limestone, and below this between the schist and the white 
limestone itself (¢, fig.15). The fault plane is nearly vertical. The relation 
of the beds at this point are made plain by fig. 18 (p. 266). 

The limestone-—The limestone, which forms the center of interest of the 
section, is exposed in many old pits, extending from the bluff overlooking 
the brook to the largest opening overhung by birches, where the rock is 
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most fossiliferous; and the line of outcrops is continued by more scattered 
openings farther southwest. It extends in all about 407 feet from ‘northeast 
to southwest—that is, along the line of strike. It is for the most part a 
coarsely crystalline, saccharoidal limestone, at times so coarse that cleavage 
pieces of calcite 3 inches across can be obtained from it. Below, it is in 
thick beds, with stratification mostly obliterated, while the upper portion 
for about 64 feet is thin-bedded, finer-grained, and micaceous. The rock 
contains some pyrite, which, with the more abundant deposit of the same 
in the bottom of the quartzite, has been the source of the great amount of 
porous limonite which fills broad veins and great cavernous spaces in the 
limestone. Its modern formation is attested by the rootlets, changed into 
limonite, inclosed in it. 


arte; 
Quartzite B Quar zite 
6RODS 2 


Fic. 18.—Section at north end of limestone, Williams farm. The two lower outcrops of quartzite are separated from the 
rest of the section by an east-west fault. 


To turn over a mass of coarsely crystalline marble and find the 
weathered surface covered with crinoid stems or corals makes a strange 
impression upon one. In masses showing no trace of fossils these are 
brought out equally well in thin sections, and I have even observed a 
fragment of the shell of a brachiopod preserving the punctate structure, the 
pores agreeing closely in position and measurement with those of modern 
genera. 

In the section, fig. 17, all the fossils known are assigned to their 
proper horizon, so far as possible. I would especially note the fact, to 
which my attention was first called by Prof. J. M. Clarke, that the line of 
division between the two paleontological horizons represented falls well 


a 
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down in the limestone, and that the upper 3 feet of the latter is thin-bedded 
and lacks the forms found below, while it carries the peculiar annulate 
crinoid stems found also very abundantly in the quartzite above. 

The shaly limestone is in places much fissured, and is cemented at 
times with veins, one-fifth to two-fifths of an inch wide, of a completely 
granitoid mixture of quartz and muscovite, the plates of the latter extend- 
ing quite across the vein, while the cemented rock still shows abundant 
crinoid stems. The limestone contains: CaCO, 98.38; Fe,O,, 0.62; 
SiO., 1.00. 

The magnetite bed.—In the largest opening under the main group of 
birches the limestone for the upper 3 inches is impregnated with magnetite, 
and the quartzite above this is fossiliferous. Fifty feet north the ferruginous 
horizon swells out to a thickness of 34 feet, and is here represented by a bed 
of porous limonite. At the same distance farther north it is a bed of fine- 
grained magnetite, often pyritous, in one place garnetiferous, and 3 feet 
thick. It is of limited extent, but furnishes blocks of ore not to be distin- 
guished from Laurentian magnetites. Analysis indicates phosphorus as 
well as sulphur. 

A little farther north, where the base of the quartzite is exposed over 
the thickest magnetite, it is a dark-gray quartz-schist, abounding in pyrite, 
much crushed, and having the fissures covered with small, fresh rosettes of 
gypsum crystals and with drusy crusts of a mineral of earlier formation, 
now much decomposed, which seems to be prehnite; but owing to the small 
size of the crystals (one-fifth of an inch) and their altered state they could 
not be certainly determined. The form of the crystals is peculiar. It is as 
if each were made up of half a dozen long, square prisms, bounded above 
by a dome and placed side by side, producing a form like a section of a 
thick saw blade or the milled edge of a coin. | 

At the point where the magnetite is thickest—34 feet—I exposed, by 
digging, its contact with the limestone below and with the quartzite 
above, and found it to pass gradually into the white limestone below 
and to grade above into a layer, 1 inch thick, of a compact, grayish- 
black rock, rusting red and glistening under the lens with fine biotite. 
Under the microscope it proved to be a granular limestone. (See 
‘‘Petrographical description,” Nos. 8 and 10, p. 289.) The rock grades 
into the black pyritous quartzite above; all the beds are so entirely 
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continuous and undisturbed that it is impossible to think of faulting or 
any irregularity at the junction any more than at the opening farther 
south under the birches, where the junction is equally undisturbed. The 
paleontological evidence reenforces the stratigraphical for the continuity 
of the limestone and the quartzite. At its: northern end, overhanging 
the brook in the most northerly digging, the magnetite layer is a black 
magnetite-pyrite-chlorite rock. (Fig 18, and e, fig. 15). This rock which 
caps the limestone contains amphibole, biotite, chlorite, a little pyrite, 
magnetite, and hematite, and an amorphous mineral resembling serpentine. 
The biotite is very dark-colored in basal sections, and in places changes into 
chlorite and passes at the edges into the serpentine-like mineral. In the 
larger part of the section the latter has a fibrous structure, with the fibers, 
grouped into large, elongate patches, at times radiate, and the whole 
resembles a fine hornblende-schist. It is of oil-green color, shows only in 
patches a trace of dichroism, and with polarized light there is a faint 
predominance of extinction at about 3° from the long axis of the fibrous 
groups, which proceeds from, the whole group; and this is overlain, as it 
were, by the aggregate polarization of the fine scales and needles of the 
serpentine-like mineral. An analysis made for me by Mr. G. H. Corey, of 
the class of ’88 in Amherst College, gave: SiO,, 42.56; Fe,O3, 44.25; CaO, 
13.11=99.92. The absence of magnesia from this analysis is puzzling, as 
the product of. decomposition of the hornblende resembles serpentine 
strongly. Itis possible that a highly ferruginous amphibole has developed 
in the magnetite-calcite bed, and that this has changed into a ferruginous 
mineral allied to chloropal. ; 

Lhe eastern bed of quartzite (2).—Under the birches, as presented in the 
section (fig. 17), 34 feet of a thin, evenly laminated, light-gray quartz-schist 
caps the limestone and is very rusty, especially at the base, and porous from 
the amount of pyrite and calcite that has been removed. Two-thirds the 
way up a layer of about 4 inches thickness is crowded with flattened and 
distorted casts of brachiopods and of annulate crinoid stems. A large spirifer 
with septa like S. disjuncta is very abundant. Traces also of Rhynchonella 
and Orthis are common, of Nucula and Platyostoma rare, and the ringed 
crinoid stems are again very common. The fossiliferous part of the bed igs 
of very limited lateral extent, and I could trace it only about 10 feet. 

The next outcrop, 150 feet east and about 6 feet above the bed just 
described, is a hard, gray, quartzose conglomerate, with white, flattened quartz 
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pebbles one-half to 1 inch across. Under the microscope the rock is seen 
to be made up of angular grains with large cavities filled with water, con- 
taining spherical, highly refringent globules with moving bubbles. It carries 
also carbonaceous matter in globules, magnetite, pyrite, a little hornblende, 
and muscovite, the latter forming the partings between the pebbles. It 
resembles much more closely the highly altered quartzite described above 
(p. 263) than it does the rest of the quartzite above and below it. The 
quartzite continues very compact, vitreous, and unevenly bedded for 66 feet 
down the hill, and in its upper portion carries garnets. It then becomes 
thin-laminated, separating into layers about 14 inches thick, which are in 
fresh cross-section white to bluish, vitreous quartz, and the surface of the 
plates is coated with muscovite. It is finely jointed and the surfaces of the 
broad plates are somewhat warped, giving varying dips. Higher up it is 
cut by great veins of quartz, and in the last outcrop before reaching the 
eastern outcrop of mica-schist it is again a compact quartzose conglomerate. 
The strike of the rock averages N. 66° E., but varies between N. 25° E. 
and N. 70° E.. The dip is generally 30°-35° E., but varies from 25°-50°. 
At the large quarry a single surface 10 feet Square gave 25° above and 42° 
below. (See ‘“Petrographical description,” No. 9, p. 289.) 

Conformity of the limestone and the overlying quarzite-—Since the lime- 
stone, the magnetite band, and the ferruginous quartzites immediately over- 
lying the latter are visibly conformable and all contain the same fossils, as 
several times indicated above, there remained in this direction only one 
question unanswered, namely, What is the relation of the series exposed in 
the large quarry at the birches and mentioned in the last paragraph to the 
quartz-conglomerate with flattened pebbles, exposed 150 feet to the east, and 
thus to the whole mass of the eastern quartzite? The latter seems much more 
metamorphosed than the quartzite at the quarry, and it might be urged that 
a fault intervened between the two. On the other hand, the conglomerate is 
typical of that extending from this point northeast to South Vernon and 
thence north nearly to Brattleboro, and the exact proof of their conform- 
ity would greatly enlarge the value of the limestone for fixing the age of 
the rocks. For this reason I had pits dug 10 feet apart from the top of the 
rusty quartzite to the nearest outcrop of the conglomerate to the east, and 
found the quartzite apparently continuous and no indication of any fault 
between the two. 
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As this did not wholly settle the question, I had a trench dug exposing 
the ledge the whole distance from the fossiliferous quartzite to the conglom- 
erate. It exposed a continuous surface of the black shaly quartzite for 154 
feet and conglomerate for 10 feet, with strike N. 50° E., dip 40° E.; each 
layer dipped conformably beneath the succeeding one, and all were fused 
together into a continuous stratum, and the possibility of any fault was 
wholly excluded. (See fig. 16, p. 264, and ¢, fig. 15, p. 263.) 

The upper outcrop of the mica-schist (1).—This outcrop occurs 164 feet 
east from the uppermost outcrop of the quartzite, in a single small ridge 
131 feet long and 66 feet wide, with strike N. 48° E. (41°-50°) and dip 
30° BE. (25°-34°). (Fig. 16, east end, and fig. 15.) 

It is a dark-gray, fissile muscovite-schist splitting into thin slabs. Its 
surfaces are pimpled with small garnets and biotite crystals, or pitted by 
the cavities left when the crystals remained in the adjoining slab of schist; 
and it carries abundantly small, dark-brown biotite crystals—long prisms 
with rounded angles 1.5 by 2.5%, placed generally with their broad 
cleavage face at a large angle to the bedding plane of the rock, and there- 
fore visible only as dull-black lines on the latter plane, but as shining-black 
scales when the slab is broken across. In tracing the same rock across the 
valley it was observed that the great majority of the scales lie with their 
flat surface normal to the line of strike and with the longer diagonals, here 
greatly elongated, parallel to each other and in the same plane with the 
dip—a phenomenon entirely comparable with the “stretching” of gneiss, 
and indicating a pressure and an incipient structure at a large angle to the 
present foliation. 

Microscopically the rock shows exactly the same scaly, coal-dusted 
mass, consisting largely of muscovite plates irregularly bounded, as does 
the schist (1’) adjoining the limestone (d, fig. 16), only on a slightly larger 
scale. The biotite crystals are also bordered in the same way by a layer 
of larger and purer muscovite scales, but not so constantly, nor is the layer 
so broad and regular. This produces the forms which on the surface of the 
rocks look like minute chiastolites. 

The only microscopical distinction between the schists is in the some- 
what larger size of the constituents and a slightly greater clearness of 
crystalline texture in the upper, so that one can affirm more certainly the 
absence of any clayey matter. (See ‘‘Petrographical description,” No. 15, 
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p. 292.) Macroscopically the upper schist is somewhat thicker bedded and 
of more uneven surface. A lens is hardly needed to see the muscovite 
scales on the surface of the slabs, and the biotite and garnet are conspicu- 
ous and abundant accessories, instead of being only minute and, in the case 
of garnet, rare. 

The syncline north of the brook in the Williams pasture.—(See north part 
of map, fig. 15, p. 263.) Within the area just described the rocks dip mostly 
to the east, while north of the brook the structure is decidedly different. A 
section east and west through the woods shows a great syncline of the 
quartzite in the argillite. 

Following down the brook from the limestone to where the woods 
end, and then skirting the latter for a few rods north to where the first 
wood road enters them, a little way in and at the first outcrop on the 
south side of the road one comes upon a well-exposed contact of the argil- 
lite beneath and the quartzite above; strike N. 20° E., dip 20° W.; the 
argillite flat-fissile, with few chloritized garnets; the quartzite a dark-gray 
indurated sandstone, becoming coarser higher up. The two beds seem to 
be plainly conformable. The argillite can be followed north to a point in 
the bluff opposite C. Frary’s house, and has a uniform westerly dip beneath 
the quartzite, and on the west of the latter the argillite is found dipping 
easterly beneath it, though the junction is covered. I imagine this syncline 
is cut off on the north by a fault along the bed of Fall River, but the rocks 
are covered here. Directly opposite the limestone across the brook to 
the north the quartzite contains dodecahedral garnets one-half inch across, 
bordered by chlorite. 

The outcrop along Fox Brook south of the Williams section—On the 
road over West Mountain, behind the first house after leaving the village, 
there is seen from the road a bare bluff of blue till, and below this is an 
outcrop in the brook of Triassic sandstone. Twenty rods above this the 
quartzite rests conformably upon the argillite, which contains a few gar- 
nets just below the junction. It strikes N. 60° E., and dips 20° E., and the 
boundary is thus pushed east by the whole width of the Williams section, 
though the fault which separates them can not be exactly located. 
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DESCRIPTION OF THE RANGE FROM BERNARDSTON TO SOUTH 
VERNON. 


Directly opposite the Williams farm and 200 rods distant, on the 
east side of Fall River, begins a range of low hills which run northeast 
between the two towns named above. This range of hills is backed on the 
northwest by a much higher range of argillite hills—Bald Mountain and 
Pond Mountain—and is bounded on the southeast by the high terrace sands, 
through which one large area and many smaller islands of the rocks of the 
Bernardston series emerge. I have called this the West Northfield range, 
from the town in which it for the most part lies. The road running along 
the east side of Fall River skirts the range at its western end, and the main 
road from Bernardston to South Vernon borders it on the south and east, 
while the roads which branch from the latter and cross the range are named 
from some resident upon each, as given in Beers’s atlas and as marked on 
the map, Pl. IV. 

The mapping of this area was difficult, both because the rocks are 
thrown into great confusion, many beds being in places echeloned so that 
the local strike regularly disagrees with the general run of the bands, and 
because of the presence of several large drumlins which effectually conceal 
the underlying rock. The intervening areas are, however, so entirely free 
from drift up to the very foot of these hills that, were it not heavily wooded, 
the region would furnish abundant outcrops, and, as it is, the fragments on 
the surface can be safely used to determine the rock below. The series 
wraps around the argillite and uniformly dips away from it, generally at 
low angles, at first south, and then for a long distance southeast; then it 
swings sharply round, crossing the State line with dips a little east of north, 
making thus a great bend to the westward as it crosses the town of Vernon. 
I have not been able to prove the existence of folds or overturns, and the 
present position of the beds seems to be best explained as the result of very 
extensive faulting. 

The argillite-—I have assigned to the argillite the broad area marked 
‘“‘Coos” upon Professor Hitchcock’s map (17, Atlas), to which he also assigns 
the slates of the Bernardston series, because I have found that the boundary 
between it and the argillite to the west as given upon that map has no 
justification in any physical change in the character of the rock where it is 
drawn, and the argillite can be traced unchanged up to and dipping beneath 
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the quartzite next described. It is true that minute scattered garnets and 
very small staurolites are found sparingly in the rock in some places in this 
area, and these seem to have been relied upon by Professor Hitchcock in 
making the assignment of the rocks to the Coos; but the same garnets can 
be found at times in the undoubted argillite in West Mountain, and these 
and the same minute staurolites occur in the center of the Whately argillite, 
and both the minerals are very different from their representatives in the 
Coos group. Both in macroscopical and microscopical structure the rock 
remains quite constant up to the quartzite, and in its finer grain, its darker 
color, its excessive contortions, and its abundant and large quartz veins it is 
well distinguished from the slates of the higher series. 

The very remarkable projection of the argillite into the basal quartzite 
in Vernon, in the northwest corner of the Warwick quadrangle, is very 
clearly made out on the ground and is very interesting. (See map, Pl. IV.) 
Tt is well exposed on the high, bare hill north of the last house in West 
Northfield (M. Merrill’s). The argillite dips everywhere outwardly under 
the quartzite, and is greatly contorted and crushed and filled with quartz 
veins and combs. 

The basal quartzite and conglomerate-—The position and extent of the 
basal quartzite gave the first clue to the complex stratigraphic arrangement 
of the series in its eastward continuation. Beginning at the point already 
described (page 272), opposite the Williams farm and east of the road to 
- East Mountain (back of ‘‘Mrs. Haley’s” on the old atlas map), with a strike 
due east, it has bent round to N. 65° E. before it goes under the massive 
drumlin which lies east of the river, and on its emergence it is abundantly 
exposed with the same strike along the southern of the two northwest roads 
mentioned above, west of Dry Brook, especially south of A. G. Chapin’s 
house. Taking the direction of this road across the valley of Dry Brook, 
it can be followed readily, with the same strike and low southeast dip, and 
physically unchanged, through the chestnut woods northwest of the end of 
Purple’s blind road, east of Dry Brook. It crosses the first north-south 
road in Northfield at a point where a loop of the brook is cut by the road, 
and gradually bearing round to the north it passes the State line with a 
strike N. 10° W. It then makes a great sweep to the east, turns sharply 
on itself, goes south across the State line for a little way, and then swings 


round to the north at the foot of the high ground and continues northerly. 
MON Xx1x——18 


274 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


Back of Mrs. Haley’s, mentioned above, the rock is an obscurely 
bedded conglomerate of quartz pebbles ma dark ground containing much 


slaty material. The conglomerate here toward its base is exactly like the ~ 


same rock west of the limestone on the Williams farm, and I have no doubt 


that they were formerly connected across the valley. Higher up the rock © 


is a pudding-stone, with rounded quartz pebbles up to 4 inches in length, 
but mostly 1 inch long; the abundant quartz sand and ground which wraps 
around them cleaves into thick layers coated with muscovite scales and iron 
rust, so exactly like the upper quartzite of the Williams farm, especially the 
conglomerate layer, that it is difficult to avoid the conclusion that they are 
parts of a single stratum. Calculated upon its average dip of 20° the thick- 
ness of the bed is 400 feet, which is only a rough approximation. 

In the field south of A. G. Chapin’s house is an interesting outcrop. 
The rock is here jointed with almost mathematical accuracy into acute 
rhombs, the joint planes passing through the quartz and quartzite pebbles, 
and the latter are finely compressed and indented one by another. The 
rock here carries garnets one-fifth of an inch across. It is unchanged. across 
Dry Brook for a long distance to the northeast, when it crosses the last 
road; but once over the range, at a point where the brook makes a loop 
across the road (near J. M. Pickett’s), the pebbles are flattened out into 
thin disks resembling the small lenses of quartz common in crystalline 
rocks, making it possible that they are of secondary origin—a possibility 
which does not extend to the range described above. In the woods south- 
west of this point the rock in some beds is in appearance a fine-grained 
biotite-gneiss, with large garnets surrounded by a broad, annular, white 
space, in which the biotite is wanting, the iron being concentrated in the 
garnets. Farther north in the band the pebbles grow smaller, and where 


it crosses the State line it is at base a thin-bedded biotitic quartzite ; , 


higher up, a muscovitic quartzite. In some layers the muscovite becomes 


abundant and wraps around pencils of quartz, so that the rock obtains a — 


rude columnar or ligniform structure. It has here an apparent thickness of 
350 feet. 

At the point already mentioned on the grist mill road (at J. M. 
Pickett’s), where the brook makes a short loop across the road, at the south 
bridge, is a fine section in a high bluff west from the bridge. The con- 
glomerate strikes N. 45° E. and grades downward through 50 feet of 
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quartzite into fine, micaceous quartzite, and this into flat argillite with 
minute transverse biotites. The whole is well exposed and plainly con- 
formable. Its dip increases from 22° at the south end to 45° at the north 
end, where the upper portion of the bed has this high dip, while the lower 
portion runs up on the argillite with the low dip of 20°. It thus folds 
around and dips away from a great promontory of the argillite; and it is 
blackened in many places by a remnant of the argillitic material. 

All this is well exposed just north of the last house before the State 
line is reached (at M. Merrill's), and the argillite where it is nipped by the 
sharply bending quartzite is greatly crushed and filled with quartz combs. 
This boundary crosses the next road north—the old Bernardston-Vernon 
road—at a small abandoned house (two houses below the schoolhouse) 
where the brook comes nearest the road. Just behind this house, in the 
side of the brook, is exposed a most interesting junction of the conglomerate 
upon the argillite. Commencing at a ruined dam perhaps 15 rods from the 
house, we find typical argillite, which changes through a few feet of 
spangled schist into thin-fissile, black, muscovite-quartzite with some thicker, 
highly crystalline layers, and this grades into a highly muscovitie, very 
vitreous quartzite, which is at one place a conglomerate of rounded quartz 
pebbles 2 to 4 inches long. This is where the water falls over a reef 3 to 
4 feet high, 2 rods below a wooden bridge. Immediately below is a bed of 
heavy hornblende rock, massive, in places showing a reticulated structure. 
Masses of this rock built into the piers of a wrecked bridge just behind the 
house show pebbles and contain also much green mica, often quite coarse; 
it resembles the more gneissoid rock found over the South Vernon plain to 
the river, and classed by Professor Hitchcock as Bethlehem gneiss. The 
series strikes N. 55° W. and dips 45° E. The outcrop is continuous and 
shows a gradual passage through a spangled argillite and fine-grained 
quartzite into conglomerate, often coarsely garnetiferous, the change being 
effected within 50 feet and showing no trace of unconformity. Many 
masses of a thin-fissile, pyritous magnetite occur here, but the bed could 
not be found in place. The magnetite, green mica, and hornblende rock 
suggest a repetition in the quartzite of a limestone band, perhaps on the 
~ same horizon as the Williams farm bed. 

Kast of the boundary line just described, across Vernon to the river, 
the whole area is underlain by the basal quartzite except where the West 
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Northfield schist series extends across the State line west of the village of 
South Vernon and where, across the brook, it rises in the hill back of 
S. Titus’s, at which place the road to the Lily Pond branches from the 
Brattleboro road. The quartzite dips for the most part to the east except 
east of the Lily Pond, where a minor fold of considerable size occurs, 
caused. by the sharp bend on the State line, and here the beds dip south. 
Followed eastward it becomes more and more feldspathic and the muscovite 
is largely replaced by biotite, forming a completely eneissoid rock. It 
is here not distinguishable from the feldspathic quartzite occurring east of 
the West Northfield series, and described on page 282. (See “ Petro- 
graphical description,” Nos. 1-4, p. 287 ) 

The Vernon limestone—On the Lily Pond road, above mentioned, and. 
just east of E. G. Scott’s house, occurs a band of limestone. It is a coarse- 
eranular limestone, highly crystalline, of light color, containing some 
garnet, hornblende, and green mica. It contains what seem to be distinct 
traces of corals and crinoids, and in every way closely resembles the Ber- 
nardston bed, with which I identify it without hesitation. Especially do 
the weathered surfaces show a peculiar, conglomerate-like structure common 
at Bernardston. Large, rounded fragments of a fine-grained, white lime- 
stone are cemented by a coarser and more highly crystalline limestone; the 
latter in large amount, as if the rock had been brecciated by pressure and 
the fragments then rounded by percolating waters and recemented. This 
bed is exposed about 30 rods, and may have a thickness of as many feet, 
but its boundaries are not well exposed. ‘Toward the west it grades on the 
strike into a calcareous hornblende-schist, and above that, to the south, 
through an actinolite-quartzite into a quartzite abounding in large garnets 
and blotches of a greenish mica, while below it passes into a very coarse, 
thick bed of hornblende-schist. (See ‘Petrographical description,” Nos. 
11-13, p. 290.) The whole series is inclosed in the gneissoid quartzite. 
This limestone is considered by Prof. C. H. Hitchcock to be an Archean 
limestone in Bethlehem gneiss.’ 

The mica-schist and hornblendic beds.—Resting on the basal quartzite and 
dipping from it with low angle to the south, southeast, and east successively, 
as it folds around conformably with it in the long distance from Bernardston 
to South Vernon, is a broad area of mica-schist with several bands—probably 


1Geology of New Hampshire, Vol. II, 1877, p. 480. 
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five—of hornblende rock, a massive amphibolite, and a central band of 
gneissoid quartzite. From the unequal rigidity of these rocks they are 
thrown into great confusion, and from the similarity of the rock in the sep- 
arate bands the tracing of them is very difficult. As they are placed upon 
the map a greater regularity appears than exists in the field, many bands 
being made up of the slightly shifted portions of what was originally one, 
and many minor faults being of necessity neglected. 

In general the schist is in its lower portions finer-grained and more 
slaty, with small development of the transverse mica, without staurolite, and 
with quite small garnets, becoming above coarser, of rougher surface, and 
knotted with large staurolites. 

At the south end, nearest the Williams farm, along the road east of 
Fall River and northeast of Bernardston village, the basal quartzite dips 
beneath a very fine-grained, flat-fissile mica-slate, which dips 20° in the 
direction 8. 10° E., its surface sparsely pimpled with small garnets, but 
being without other accessories and closely like the western schist (1’) 
of the Williams farm section. A local bed of a dark, pyritous quartzite, 
slightly hornblendic, is marked in this band of schist, but could not be 
followed far east. 

The lowest bed of amphibolite is followed by a second band of mica- 
slate exactly like the first, which widens in outcrop easterly and passes with 
the same dip and strike beneath a massive, dark-gray to greenish-black 
amphibolite, greatly jointed, and this is exposed in a broad area nearly down 
to the main road running east from Bernardston and extending east to the 
house of S. J. Green, 100 rods west of the locality mentioned by Professor 
Dana.’ It contains a central band of dark limestone, at times a foot thick. 
The amphibolite is capped by a thin layer, never more than 8 feet thick, of a 
shining-white, arenaceous mica-schist, with scattered scales of biotite, and a 
similar layer was found to cap a similar hornblende rock in so great a number 
of instances between this point and South Vernon that it attracted particular 
attention. ‘This white layer was found to pass in every case up into the 
common dark-gray mica-schist, and to differ from it only in the entire absence 
of coaly matter and magnetite; and it seems possible that the former may 
have been discharged by the ferruginous matter of the hornblendic band 
adjacent; that is, the organic matter may have been employed to reduce 


‘Am. Jour. Sei., 3d series, Vol. VI, 1873, p. 342, 
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the iron oxides to the soluble form in which they were concentrated in the 
limestone bands as a preliminary to their change to amphibolite. It is, 
however, wanting below the hornblendic bands, which 
ed rest. directly on the dark-gray and finer mica-schist. 
y: This makes it probable that none of the hornblendic 
bands are overturned, though overturn may possibly 

? have preceded the final metamorphism. 
y) x In places the passage of the amphibolite into the 
Z| & mica-schist is by alternate bands and thin lenses of 


the two rock varieties, and the passage beds may be 
3 or 4 feet thick. This is more like the passing of 
one sedimentary layer into another than like the con- 
tact of an eruptive on a schist. 

The schists of the area just described are cut off, 
going eastward, by a great drumlin, though the 
quartzite can be followed by its north end. Beyond, 
one finds sections which expose the whole thickness 
of the schists and amphibolite bands. 

They are best studied in the area east of the 
Purple blind road (see map, Pl. IV, and fig. 19 for 
section, and ‘‘Petrographical description,” Nos. 16-21, 
p. 293), where, commencing in the chestnut woods 
northeast of the end of the road, at the basal con- 
glomerate (a, fig. 19), we pass south over a broad 
area of the lowest mica-schist (b), broad because of 
the low dip, and come upon the lowest amphibolite 
(c), a band about 18 feet thick, here, as always, quite 
ferruginous and pyritous. Fifty feet beyond there is 
a second bed of the hornblendic rock (d) like the first, 
and both are capped by the white mica-schist layer 
described above. Farther on 66 feet, at the top of 
the ridge, near a large chestnut tree conspicuous in 


Fic. 19.—Section across Bernardston series on Purple blind road, along A B on map, PEALY: 
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the open field, there is a third, rudely foliated layer 
of amphibolite (e), thicker than the others. This is 
capped by a bed 3 feet thick of a rusty limestone (/), 
carrying abundantly cinnamon-colored garnet in large, shapeless masses 
and light-green pyroxene, and by a thin band of quartzite. The three 
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beds of amphibolite mentioned are represented as one on the map, as they 
are near together, and the northerly slope on which they appear approxi- 
mates their outcrops still more. A long slope follows, with scanty outcrops 
of mica-schist (g), still fine-grained and without staurolite, but with one 
small bed of amphibolite (h), and at its foot succeeds a heavy bed of horn- 
blendic rock, about 66 feet thick, which, by the quite abundant devel- 
opment of feldspar, is in large part a complete quartz-diorite-schist (a); 
Except for the appearance of feldspar in small, irregular, white spots, it 
does not deviate from the usual type of the hornblendic rock of the area. 
It is followed almost immediately, though the exact contact could not be 
found, by a bed, about 50 feet thick, of a fine-grained granitoid quartzite 
(k). This is, indeed, in its whole extent a complete granitoid gneiss, never 
fissile, and faintly foliated only by the parallel arrangement of the biotite, 
or wholly lacking this even, and becoming a fine-grained, tough, granite- 
like rock, largely feldspathic and with many striated feldspar cleavage 
surfaces and light gray from the small amount of the biotite. It can be 
followed for a long distance, breaking off against a fault in the northeast 
direction and going southwest across Dry Brook. Its place between the 
two heavy hornblendic bands then seems to be taken by a very fine- 
grained, massive quartz rock, with abundant fine scales of muscovite and 
with large, round plates of biotite’ set at every angle. It appears again 
farther northeast, at the last road across the range, and can be followed 
thence continuously over the high hill west of South Vernon station and 
across the plain in Vernon, trending here directly toward the point where 
the road to Vernon goes beneath the railroad. It is unlike the basal quartz- 
conglomerate on the west and the feldspathic quartzite—to be described—on 
the east, and, conforming in dip and strike with the mica-schist and making 
all the curves with it, it seemed to me for a long time that it must be looked 
upon as a separate band in the mica-schist and could not well be derived, 
by folding or faulting, from the other quartzite. On noting, however, that 
all the beds grow more metamorphosed and more feldspathic as they go 
east, and that in nearly every case the eastern bands of quartzite are 
brought up by faulting and can be proved to be the same as the basal 
quartzite, it has seemed to me most probable that this band has been 
brought up in the same way and is identical with the basal quartzite. It is 
lithologically transitional between the quartzose conglomerates farther west 
and the feldspathic quartzites farther east. 
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This interpretation reduced the number of the hornblendic bands in 
the schists to 4 or 5, in place of 8 or 9, and this makes the structure of the 
whole region much more intelligible. 

On the section line the quartzite band is followed by a heavy bed (100 
feet) of a dark-gray mica-schist (1), much coarser than the beds below and 
carrying abundantly transversely placed biotite, small garnets, and large 
staurolite crystals, the latter in single crystals and in twins according to 
both the common laws. This greater coarseness of the texture and the 
ereat abundance of staurolite in the upper beds of the mica-schist are the 
rule through the whole length of the range, and militate against any attempt. 
to make out repetitions in the series now gone over. This band contains 
one bed, and is capped by another heavy bed, of massive amphibolite (m), 
65 to 80 feet thick, which rises in a prominent ridge overlooking an isolated 
house (W. Sondin’s), and is followed by one more repetition of mica-schist 
(n) and by a great bed and one or more smaller beds of schistose amphibo- 
lite (0) before a fault is reached. Beyond this a broad area of feldspathic 
quartzite (p)—to be described later—continues to the railroad at the 
northwest corner of Gill. -If the section is extended across Grass Hill 
to the Connecticut River it cuts first a broad continuation of this upper 
quartzite, followed by a complete repetition of the mica-schist series 
with five hornblendic bands, one feldspathic, the eastern sloping down the 
hillside from the Mount Hermon School buildings to the river, and thus 
covering a large area. 

Sections carried across the area anywhere from the quartzite base south- 
eastward give substantially the same succession as that detailed above, 
only for a distance east of this line there is a longitudinal fault and a repe- 
tition of the beds; so that, starting from the same point as the one chosen 
for the beginning of that line and going directly east to the sawmill on the 
South Vernon road, one passes nine distinct hornblende bands, and in almost 
every case each band is found capped by the whitish schist described above. 
Also along the State line and for a distance north and south, either by the 
thinning of the beds of mica-schist or by the slipping of the hornblendic 
bands over them, the latter are usually approximated, the three bands below 
the middle band of the quartzite coming into close proximity to one another 
and to the basal quartzite. The latter is separated by a broad mica-schist 
valley from a prominent hornblende-rock ridge just in the east edge of the 
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woods looking down on South Vernon, which is subdivided by only very 
thin layers of schist. Still farther east, in the large pasture above the South 
Vernon Hotel, the beds are greatly faulted, as indicated upon the map. 
Here pseudomorphs—biotite after staurolite—occur and show well-formed 
twins, and a tourmaline granite containing coarse blue orthoclase cuts the 
schist and makes it gneissoid. 

It illustrates the abundant faulting of the region that at the two short 
railroad cuts in these beds there are in each case two marked faults, bring- 
ing quite distant beds into contact. Just south of the South Vernon station 
nearly horizontal mica-schist is faulted on the north against a dike-like block 
of massive amphibolite about 33 feet wide, and on the south an equally 
distinct east-west fault line separates the latter rock from the feldspathic 
quartzite, also nearly horizontal. At the next cutting, 3 miles farther 
south, near where the road crosses the railroad, one band of the massive 
amphibolite is pushed over another, and the quartzite over both, so that 
they have a common dip of 25°, 8. 65° E.; but the fault planes are dis- 
tinctly visible, and both the hornblende-rock bands are capped by the 
whitish schist layer which marks their transition into the common mica- 
schist. 

The type of the amphibolite or hornblende rock as seen in the area 
described above and in many bands stretching across the country to South 
Vernon—a type from which there is little variation—is a dark-gray to black, 
fine-grained, wholly massive rock, resembling so exactly, especially in its 
jointing, an intrusive diorite that it was connected with the Mesozoic 
diabase in the first work of President Hitchcock, and at its occurrence at 
the South Vernon station, where it is faulted between mica-schist and 
quartzite, it was called trap by so experienced an observer as Prof. C. H. 
Hitchcock, in his latest work on the area! The hornblende is generally 
arranged in radiated fibrous tufts just visible with the lens, which aid in 
giving the rock its great toughness. It is not prone to weathering and 
stands up generally in long ridges, the schists having been considerably 
lowered on either side of it, but at the railroad cutting in South Vernon the 
fissures were coated with an abundant deposit of calcite and pyrite. (See 
‘‘Petrographical description,” Nos. 17-20, p. 293.) 


1Geol. New Hampshire, Vol. II, p. 438. 
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Because of its position in the hollows between the hornblendic ridges 
the mica-schist, which really occupies more of the surface than the former, 
seems on casual inspection to be of subordinate extent and importance. 

The thickness of the beds, calculated on the average dip of 22°, is: 
quartzite, 350 feet; mica-schist, 370 feet; hornblende rock, 508 feet; which 
is certainly far too large judging from the long line of outcrops farther 
northeast, and it is probable that each is partially repeated several times by 
cross faults. | 

I have elsewhere suggested that amphibolite beds of this type are 
generally derived from limestone, and in fact the hornblende bands are 
still locally quite rich in carbonates. At the locality first described above, 
just east of Fall River, the broad amphibolite band contains layers of lime- 
stone an inch thick; and farther northeast, at a large chestnut tree east of 
the end of the Purple blind road, there occurs in the same association a bed 
nearly a meter thick of impure limestone carrying garnet and pyroxene. 
The development of hornblende at the upper surface of the crinoidal bed 
has been detailed above, and the large development of hornblende in the 
quartzite surrounding the limestone in South Vernon points in the same 
direction. 


THE FELDSPATHIC QUARTZITE. 


Reserving the question of the identity of this rock with the basal con- 
glomerate, I may first call attention to its curious distribution as shown on 
the map, Pl. IV. It occupies a broad area along the eastern border of the 
schist series described above, everywhere dips away from it to the east- 
ward with apparent conformity, and makes the same folds with it all the 
way from the State line south to the point where the main South Vernon- 
Bernardston road crosses the railroad, even swinging round to a north-south 
strike with the schists. Beyond this point it occupies a broad area stretching 
from the railroad across to the Purple blind road, east of Dry Brook, and 
is plainly separated from the schists on the north by a curvilinear fault: 
Thence it continues in a broad band southeastward a long distance and 
can be followed in scattered outcrops across the sand plains into the town 
of Gill. Beyond Dry Brook it seems to regain its conformity with the 
schists. Across the narrow neck by which the West Northfield sands join 
those of Bernardston the same quartzite reappears in the northwest shoulder 
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of Grass Hill, and is apparently continuous under the sands with the larger 
area west of the railroad. It dips under the hornblende rock to the east. 

It is everywhere a fine-grained, light-gray, fissile quartzite, with small, 
fresh feldspar crystals porphyritically disseminated in it, often quite abun- 
dantly. These reach 1-2™™ in cross-section, and are often, but not always, 
striated. They are much larger than the quartz grains, and often have sharp 
crystalline outlines. (See ‘‘ Petrographical description,” Nos. 6 and 7, pp. 
288-289.) 

In the area south of the great fault at the Purple blind road, and far west 
from this area, the rock is marked by an abundance of grains of lavender 
quartz included in it, which appear to have come from the pre-Cambrian 
gneiss of the Green Mountains, as I have found it characteristic of the 
Washington gneiss in western Massachusetts. Muscovite, so abundant in 
the lower quartzite, is wholly wanting; rarely a small amount of biotite in 
fine scales, or, at one outcrop, of hornblende in scattered needles, appears. 

The dips of the rocks and of the slates below are so low, and, with the 
strikes, vary so rapidly and irregularly within narrow limits, that I am left 
in slight doubt as to the exact conformity of the two for any long distance. 
Along the line of junction for 2 miles north or south from the northern 
road over the range no contact of the two could be found, but in the 
whole distance they seem to be exactly conformable and to have shared all 
minor disturbances; for instance, although the rocks are tilted so that they 
strike N. 65° KE. and dip 40° SE., they have also been subjected to an east- 
west thrust, as is seen on a large scale farther south, so that small portions 
placed irregularly among the rest have a north-south strike, which is shared 
by both the schists and the quartzite. 

The basal conglomerate, often blackened by argillitic material, is a 
rock of very different habit from this fine-grained, biotitic, feldspathic quartz- 
ite; but the description above given of the passage of the beds across Ver- 
non indicates that the former passes into the latter eastward beneath the 
schists, and is then brought up by a fault along the eastern base of the 
schist series and in places thrust over the latter in apparent conformity. 
The fault line must be an exceedingly tortuous one, and the Mount Her- 
mon series, on the east of this line, must be a repetition of the West North- 
field series. The former series stretches from Otter Pond Brook, in Gill, to 
Mount Hermon, and contains the same succession of mica-schists and 
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amphibolite. ‘The southern band of the latter rock has a broad lateral 
extent, because its dip coincides with the slope of the hill. 


THE BERNARDSTON SERIES EAST OF THE CONNECTICUT. 


The adjoining area east of the river in Northfield is unfortunately so 
covered by the terrace sands that only few outcrops appear. I think that 
the rocks of the Bernardston series find their eastern limit, through the 
whole length of Northfield, Erving, and Montague, at the foot of the high 
ground which bounds the Connecticut Valley on the east; that it ends with- 
out any marked shore deposits, but with great crushing of the fine quartz- 
ite, probably on a fault of great magnitude and extent; and, finally, that the 
quartzite-schists and amphibolite, which succeed to the east in the North- 
field hills, though presenting some points of similarity with the Bernardston 
rocks, are to be associated rather with the series which lies west of the 
argillite and which is presumably older. 

The quartzite in Northfield.—N orth of this village a porphyritic quartzite 
identical with the eastern band in the West Northfield range crops out along 
the eastern edge of the high terrace sands, but is immediately followed on 
the east by an older series, mentioned above. It is much brecciated, and 
abundantly cemented by hematite. It appears also in the brook bottoms; 
and just over the line in Winchester a shaft has been sunk a hundred feet 
in it for lead, which appears very sparingly in narrow, interrupted fissures a 
few millimeters wide, associated with barite and fluorite in equally small 
quantities, and at the bottom containing beautiful druses of pale-yellow, 
saddle-shaped dolomite crystals. Below the surface the quartzite is snow- 
white, but otherwise unchanged. The rock is a hard, white, saccharoidal 
sandstone, regularly porphyritic, with small, clear feldspars in stout rectan- 
gular cross-sections, for the most part striated and plainly of secondary 
growth, since they inclose sand grains. It is here everywhere massive. 
(See “Petrographical description,” No. 5, p. 288.) Outerops are seen in all 
brook beds in the northern part of the town, and it approaches nearest to 
the older series in a lane running east from the L. A. Moody homestead and 
along the Winchester road. It is here greatly brecciated and full of quartz 
and hematite veins. On the east of the boundary line several bands of the 
older series abut obliquely against this line, so that the quartzite on the 
west rests in manifest discordance, due either to unconformity or to faulting 
of the quartzite against the older series. 
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The mica-schist in Northfield—ast of the river only a single limited 
outcrop of mica-schist occurs, half a mile below the village, just opposite 
Grass Hill and 200 rods from the nearest outcrop of hornblende rock on the 
west side of the river. It agrees in texture with the lowest beds of schist 
on the west of the Connecticut, is fine-grained, and carries few accessories. 
It abounds in flattened cavities, which seem to be the obscure traces of fossil 
shells, but they are wholly indeterminable, if, indeed, they be of organic 
origin at all. Upon the joint faces are abundant weathered crystals of a 
flesh-colored zeolite, apparently chabazite. The exact locality is by the 
brook crossing at a mill pond near the house of A. Billings. 


THE ORIGINAL CHARACTER OF THE SERIES AND ITS METAMORPHISM. 


The section below seems to me to represent the succession of the beds 
under consideration, the newest above. 


Beds of the Bernardston series. 
Upper Devonian: 
. Mica-schist. 
. Amphibolite. 
. Mica-schist. 
. Amphibolite. 
. Mica-schist. 
. Amphibolite. 
. Mica-schist. 
. Quartzite. 
. Amphibolite and magnetite, local, derived from the 
limestone. 
. Limestone, with fossils. 
. Amphibolite, derived from the limestone. 
. Quartzite-conglomerate. 


Mica-schist series. . 


SanNInare why 


Quartzite series . . . 


Se ee 
DH oO 


Upper Silurian: 
13, Leyden argillite. 


14, Conway mica-schist. 


Originally heavy beds of shale (13) were followed by a great series of 
feldspathic sandstones and conglomerates (12-8), which contained a band 
of crinoidal limestone, with here and there a local development of iron ore 
near its surface. Above this was an extensive series of shales (7-1) with 
several intercalated beds of impure limestone. The first series has changed 
into a crumpled and cleaved phyllite, to which the name argillite has been 
for a long time applied. The second series has passed through all the 
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changes to a gneiss so complete that Professor Hitchcock insists on associ- 
ating it with the Bethlehem gneiss—quartzite with flattened pebbles, mus- 
covite-quartzite, biotite-quartzite, feldspathic quartzite, often porphyritic, 
and complete biotite-gneiss, often becoming chloritic from superficial change. 

The limestone has become most coarsely ¢rystalline and the lime and 
iron have been carried far out into the quartzites above and below, to form 
amphibolites and complex hornblende-chlorite-pyrite rocks. The iron ore 
forms a bed of magnetite or a magnetite rock, probably precipitated as 
limonite at the surface of the limestone in the earlier stages of change, and 
then metamorphosed to magnetite later. 

The upper series is changed to complete mica-schists, spangled with 
transverse biotite crystals, often loaded with garnets and staurolites, while 
the limestone beds are changed from the surface toward the center into 
amphibolite beds, abstracting the iron from an adjacent band of the shales. 

The dips are all to the east and the beds are several times repeated by 
monoclinal faulting, and with each reappearance of the quartzite it is finer- 
grained and more feldspathic. : 

The series has a slight pitch to the south, so that in Vernon the whole 
upper series tapers northward and disappears; and then in going east- 
ward from the argillite we pass from the more quartzose conglomerates 
through muscovite- and biotite-quartzite to complete gneisses, as in the 
successive reappearances farther south. 

The most abundant and characteristic fossils are Chemung with several 
Hamilton forms, so that the limestone, magnetite, and the base of the quartz- 
ite above the limestone may be placed with certainty near the base of the 
Chemung. That the whole series must go together is, I think, clear from 
the map and the preceding discussion. The suggestion of Professor Hitch- 
cock that the limestone was bounded on both sides by faults* proves true 
for the west side, but it is not true for the east side, and the important 
deduction made by him that the limestone was much newer than all the 
surrounding rocks is also disproved.’ 


1Am, Jour. Sci., 3d series, Vol. XIII, 1877, p. 315. 

2Professor Hitchcock informs me by letter of November 22, 1890, that he did not speak of two 
faults, as implied above, but held that the limestone was newer than the quartzite and infolded in it. 
A reference to the article above cited proves that no mention is made of faults, and I am at a loss to 
explain how I came to refer this opinion to Professor Hitchcock when the above paragraph was printed 
by me in the American Journal of Science in October, 1890, p. 374. That the limestone is newer than 
the quartzite is, however, clearly untenable. 
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The argillite, though the oldest rock, is least metamorphosed; it is 
crumpled and cleaved with dull surfaces and is full of coal grains and 
kaolin, in its most eastern exposures showing minute pustules on its slaty 
surfaces, and at last developing garnet and biotite in some abundance. In 
the western exposures of the Bernardston mica-schist series kaolin could 
scarcely be detected, and biotite, garnet, and staurolite were quite abund- 
ant but almost microscopic, while farther east the surfaces show clearly the 
muscovite sheen and the above accessories are abundant and large. In the 
Conway mica-schist, which lies below the argillite, the separate muscovite 
scales are clearly visible to the eye, and the same accessories occur still 
larger and with a very different and much more complex structure. 


PETROGRAPHICAL DESCRIPTION. 
THE QUARTZITE SERIES. 


1. Micaceous quartzite from South Vernon, roadside east of Lily Pond, 
near the town line. A rather thin-foliated and somewhat fine-grained eneis- 
soid rock, the broad and abundant films of a green micaceous mineral sepa- 
rating the white, fine-granular quartzose ground. This is the Bethlehem 
gneiss of Prof. C. H. Hitchcock.’ In section the quartz ground is plainly 
clastic. The abundant scales of biotite are rarely brown at center, but mostly 
changed to green, and are much stretched, wrinkled, and raveled out. 

2. Another specimen from the same region, but nearer Lily Pond, has 
much more the aspect of a quartzite, but with the lens abundant fresh 
secondary grains of feldspar can be seen among the quartz grains, with 
many small garnets, octahedra of magnetite, needles of tremolite, and, in 
the foliation plane, scales of deep-green biotite. In section the quartz ground 
is plainly clastic, the feldspars secondary, inclosing many quartz grains. 

3. A specimen from the roadside near the outlet of the same pond is 


- a similar rock, showing here and there large blotches of green mica scales. 


In section the fine clastic quartz ground contains many magnetite and 
garnet grains, fine filaments of tremolite with weak dichroism, biotite with 
very strong dichroism, yellow and very dark olive-green, the latter rarely 
changing to a light-green chlorite. 

4. A specimen taken from a branch in the road between Lily Pond 
and the limestone (north of E. Tylor’s) is of less granular texture than the 


‘Geological map of New Hampshire, 17, atlas. 
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others and less foliated. It has been both more thoroughly crushed and 
more completely cemented by infiltrated quartz. In section it shows strik- 
ingly the effect of this crushing and cementation. The quartz ground is 
plainly clastic and like that of the other three specimens, but many second- 
ary grains have grown into the interstices between the other grains, and the 
biotite crystals have rubbed out into thin scales, twisted and raveled out 
completely and, except in rare cases in the center of the larger fragments, 
changed from brown to green. 

5. The quartzite east of the Connecticut, along Perchee Brook and at 
Rowe’s mine, on the north line of Northfield A white, fine-grained, massive 
quartzite, friable to compact, containing galena, barite, fluor, pyrite, and 
dolomite in the abundant fissures. It resembles loaf sugar. 

Under the microscope this is made up of clastic grains of quartz, among 
which the perfectly fresh and often idiomorphic feldspars, just visible to 
the eye as shining porphyritic spots, are plainly of secondary origin, being 
limpid at center and outwardly crowded full of inclosed quartz grains like 
those outside. ‘These are sometimes single crystals, sometimes polysyn- 
thetic, but usually formed of two individuals with observed extinctions 2°, 
5°, and 16° on either side the suture in different individuals. Most of these 
are carlsbad twins of orthoclase, and one section gave extinction of 21°, 
being cut parallel to M, exactly as in fig. 216 of Rosenbusch.* Many grains 
of magnetite occur. 

6. The middle outcrop of gneissoid quartzite, east of the north end of 
the Purple blind road, Bernardston. A light-gray, fine-grained rock, almost 
massive, but with faint parallel structure from films of biotite. It has wholly 
the appearance of a fine-grained, gray gneiss; contains quartz, biotite, an 
untwinned feldspar, muscovite, leucoxene. 

This shows under the microscope a completely granular, clastic mass 
of minute, rounded quartz grains. In this the rectangular and elongate 
sections of feldspar are plainly of later growth, inclosing often rounded 
quartz grains in large numbers, especially toward the outer portion. These 
feldspar sections are plainly visible with lens, are very fresh and clearly | 
idiomorphic, and dotted often with the contained quartz grains. 

The red biotite is also notched at the edges, from contact with quartz 
grains, and incloses many of the latter. It is constantly associated with the 


‘Mic. Phys., 1892, under Orthovlase, p. 633. 
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leucoxene. There are many carlsbad twins and one very distinct case of 
secondary growth of a rounded grain of feldspar. 

7. A fine-grained, pepper-and-salt gneiss, slightly more granitoid and 
feldspathic than the above, from West Northfield, on section west from 
South Vernon fair grounds, interrupting second hornblendic band. It eon- 
tains the same constituents, together with grains of plagioclase, with the 
extinction uniformly 34-4° on either side of the twinning plane. The 
orthoclase is more abundant, larger, wholly xenomorphic, and never 
twinned; it cements many quartz grains together. Leucoxene grains con- 
tain centers of ilmenite, and many grains of black ore appear. 

8. Micaceous limestone from Williams farm, just above the magnetite 
bed at the opening where it is thickest. A black, compact rock, rusting red 
and glistening under the lens with fine biotite scales. 

Under the microscope this is a granular limestone composed of sub- 
angular, equal-sided grains of calcite, many polysynthetically twinned. 
Biotite is regularly disseminated through the mass without being orientated 
to any plane, much as it is in the whetstone-schist, to which rock the one 
under examination bears a close resemblance in its microscopical appear- 
ance. ‘This biotite is of so deep absorption that basal sections are wholly 
opaque except at the thinnest edge of the section, and then greenish-brown. 
A single crystal of hornblende and a little magnetite and rust appear. An 
arm piece of a crinoid was seen, and fragments of the punctate shell of a 
brachiopod, in which the centrally expanded center of the pores can be 
detected. 

9. Biotite-quartz-schist from Williams farm, at bluff overlooking brook 
at north end of limestone and directly overlying the latter where excavation 
was made to expose the fault. .A rusty, thin-bedded, dark biotite-schist 
with much biotite appearing in the granular quartz mass and minute, white, 
square needles on foliation faces; no effervescence. 

In section a granular clastic quartz ground run through by veins of 
secondary granular quartz with grains larger than those in the mass, the 
whole swarming with flakes and shreds of dark-brown biotite much notched 
at the edges. Menaccanite surrounded by leucoxene, pyrite, and the prob- 
lematical needles. These are long needles with longitudinal and transverse 
cleavage and longitudinal extinction; refraction strong. They are red- 


brown, with faint pleochroism down the center and bordered by a narrow 
MON XXIx——19 
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area colorless or faintly flesh-colored. This border is interrupted as if 
of later and irregular growth on the sharply defined brown prism, but 
is of the same optical orientation as the latter. It seems to me to be 
rutile coated with leucoxene. 

10. Hornblendic limestone; from upper surface of the magnetite at 
the opening north of the large quarry, Williams farm, Bernardston, and thus 
directly above the main limestone. An impure limestone, effervescing 
abundantly; dull, mottled, blackish-gray, glistening with cleavage faces of 
minute hornblende crystals, rusting deep brown. 

In the thin section a colorless ground appears, with few magnetite 
erains and many hornblende needles, often aggregated into compound 
crystals of considerable size, and changing in small amount to chlorite. 
The hornblende is also often fasciculate and in feathery groups, and shows 
very weak pleochroism. The ground consists of much twinned calcite 
grains, with some quartz and feldspar. 


AMPHIBOLITE ASSOCIATED WITH THE LIMESTONE IN THE GNEISSOID QUARTZITE., 


11. Amphibolite from South Vernon limestone locality Immediately 
adjoining the limestone on the north is a coarse hornblende rock, dark- 
green with blotches of white, consisting of a granular quartz-feldspar mass, 
and carrying in fissures minute attached plagioclase crystals. 

In sections the large hornblendes are almost free from: color and pleo- 
chroism and are composed of groups of needles, sometimes fasciculate, 
sometimes gathered into large, well-outlined individuals, and entirely unde- 
composed. There is only a trace of effervescence and that is confined to 
the hornblende. 

12. Amphibolite from South Vernon, south of road at E. G. Scott’s, 
opposite the limestone. A greenish-gray, fissile rock, resembling a fine- 
grained gneiss. The lens shows many fresh cleavage surfaces of plagio- 
clase and pale ‘“luster-mottled” hornblende. 

In section the large hornblendes inclose many grains of plagioclase, 
rutile, and magnetite; they show marked dichroism; b> ¢> a; «= emer- 
ald green, & = olive, a = yellow; extinction at 21°. Leucoxene is in aggre- 
gates of grains nearly colorless or with red-brown centers; rutile occurs in 
square prisms. Fine, large, pale-reddish titanite crystals show positive bisec- 
trix and axial figure parallel to 2 Po. The whole colorless background is 
made up of limpid granular plagioclase, often twinned but more often free 
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from twinning or cleavage, and then showing the strongest concentric extinc- 
tion. Extinction in twinned plates, 14°-34°. Quartz is scarcely present. 

13. Amphibolite from South Vernon, 10 rods north of limestone at E. G. 
Scott’s. A thin-fissile, greenish-gray rock, showing with lens many scales 
of black biotite and rarely a sharply defined, light-brown prism of epidote. 

In section nearly the whole field is covered by a tangled network of 
hornblende blades which show quite marked pleochroism. The colorless 
background is for the most part feldspar, rarely showing twin striation, and, 
as so often happens in these hornblende schists, wholly fresh and without 
cleavage. Many scalariform or coraloidal groups of leucoxene occur, 
rarely with a trace of black ore at center, but each separate crystalline 
grain itself red-brown at center and colorless superficially. No other ore 
occurs. 


THE MICA AND AMPHIBOLITE SERIES. 


14, Mica-schist from Bernardston, Williams farm, from the bed of schist 
west of the limestone. A dark-gray to black, very fine-grained, even- 
bedded slate, with its glistening surface pitted here and there by hemi- 
spherical hollows, from which small red dodecahedral garnets have fallen 
and marked by minute white spots of shining muscovite scales just visible 
to the eye, which often appear in fine double lines sharply parallel to each 
other and inclosing a narrow dark center. They appear thus like minute 
chiastolites. ; 

Under the microscope the rock shows a fine, scaly, colorless ground, 
dusted abundantly with coaly matter, and with polarized light showing 
im abundance minute muscovite scales and needles. These are embedded 
in a ground which shows aggregate polarization and is partly apolar and 
apparently opal. Kaolin could not be detected, nor “‘clay-slate needles.” 
The much fissured garnets have often a black boundary, from the accumu- 
lation of the coaly matter expelled from the space they occupy, and within 
this a broad decomposition band of chlorite in twisted scales, which often 
extends nearly to the center of the crystal. They contain large grains of 
quartz irregularly arranged. 

The centers of the minute chiastolite-like forms mentioned above prove 
to be small, very impure, transversely placed biotites with flat sides and 
raveled ends, having on each of their long sides bands, broader than them- 
selves, of clear muscovite scales placed at right angles to the broad faces of 
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the biotite against which they rest. The large amount of coaly matter in 
the centers of the biotites indicates that the rock was more carbonaceous 
when the biotite was formed than at present. The biotite incloses garnet, 
which was thus first formed, and the muscovite has also folded round the 
garnets, forming small cups from which they fall, and has also, as above, 
arranged itself symmetrically to the biotite, and is thus shown to have been 
third in order of appearance. Leucoxene appears in yellowish-white grains 
more rarely than in the argillite. F 

Staurolite appears in some abundance in stout, shapeless masses nearly 
large enough to be seen with a lens—red-brown by reflected light, nearly 
opaque by transmitted light. They polarize distinctly, showing in the 
thinnest places a mosaic of bright red and blue, indicating twinning, and 
also traces of the square and prismatic sections of single crystals. Some 
crystals giving the proper angles of staurolite are white by reflected light, 
from decomposition, and this I have seen macroscopically in the schists 
around Vernon. Here the staurolite was removed in every degree from 
the network of quartz, until only a few brown grains remained, and at last 
only a cellular network of white quartz. 

15. Mica-schist from above, and east of the quartzite, Williams farm. 
A dark-gray, fissile muscovite-schist, with pimpled surface of somewhat 
coarser grain than the preceding. 

The ground is exactly the same colorless, scaly, coal-dusted mass as in 
the lower schist, and presents with polarized light exactly the same appear- 
ance upon a slightly larger scale. It differs by the development of the 
transversely placed biotite into quite large crystals, visible to the eye when 
the rock is broken across the bedding, and these crystals form most of the 
pustules which rise on the cleavage surface of the plates. They are bounded 
on the basal planes, as in the lower schist, by a line of larger muscovite 
plates, but this is not at all so constant as in the former case. Scales of 
muscovite are often intercalated in the biotite with magnetite and pyrite. 
The mineral is a true biotite (meroxene), with p < v and small divergence of 
the optical axis. Limpid dodecadral garnets, magnetite, and pyrite also occur. 

Microscopic staurolites, single crystals with © P, 0 P &, and’ 0P 
measuring o P A «0 P=115°, o RPA oP &=112", are quite common. 
They are very impure and nearly opaque, sometimes crushed and the parts 
separated. They are nearly white by reflected light. Some slides show 
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in abundance grains of an opaque black ore, often partly changed to opaque 
white. There are other grains of an opaque yellowish-white material of the 
same shape and size. These are apparently menaccanite and leucoxene. 

The only distinguishing characteristics to separate the present and the 
preceding rock are the somewhat coarser texture of the ground in the former, 
the larger size of the transverse biotite, and the somewhat more pertect crys- 
tallization of the staurolite and garnet. They may well have derived their 
material from the same source and have been subjected to almost precisely 
the same influences during metamorphism. 

The above descriptions were written for the two rocks when it was 
supposed that the western schist dipped below the limestone, while the east- 
ern rested upon the quartzite above, and the rocks were studied in the hope 
of finding some peculiarity by which they could be separately traced. They 
are now believed to be part of the same stratum, and the detailed descrip- 
tions above attest their lithological identity. 

16. Mica-schist from Purple’s quarry. A dark-gray, fissile, garnetiferous 
muscovite-schist, differing from the upper schist of the Williams farm only 
in the greater abundance of garnet. | 

In a ground of muscovite scales abundantly strewn with coaly matter 
occur many garnets inclosing scales of muscovite and bounded by a decom- 
position layer of chlorite in scales parallel to the side. The strongly 
dichroic biotite plates, much dusted with coaly matter, are bounded on 0 P 
by broad layers of vertical muscovite scales, which in one place inclose a 
layer of fresh orthoclase. 

17. Massive amphibolite from Bernardston, east of village, and just east 
of J. Nelson’s, the first house on the road turning north after passing the Fall 
River bridge. Dark-gray, jointed, massive rock in heavy bed, associated 
with thin bed of limestone. Effervesces abundantly with cold hydrochloric : 
acid, especially around the wisps of hornblende, and shows then with the lens 
hornblende, biotite, magnetite, and plagioclase. Much magnetite removed 
from the powder by the magnet. The microscope shows few scattered 
wisps of hornblende needles, groups of grains of black ore not associated 
with leucoxene. The hornblende shows weak absorption and pleochroism. 

18. Massive amphibolite from Bernardston, north of R. Park’s, locality C 
cited by Professor Dana (14, 342). (See Pl. V, fig. 3, for section.) A mas- 
sive, black, fine-grained, diorite-like rock. The microscope shows the rock 
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to be made up of long, interlaced, crystalline blades of hornblende running 
in every direction and inclosing a great number of feldspar grains. ‘The 
hornblende has extinction=27° and is strongly pleochroic; *=mountain 
green, a and &=yellow; one grain of plagioclase, extinction 20° on each 
side of the twinning plane. Many sections from specimens taken from the 
various beds between this point and South Vernon show precisely the same 
structure, but generally contain grains of menaccanite surrounded by 
leucoxene. 

19. Amphibolite from West Northfield, from large outcrop rising above 
the terrace sands east of the Bernardston-South Vernon road at the point 
where the road branches off to the ferry. A jet-black, schistose amphibo- 
lite, the shining-black hornblende needles being arranged parallel to the 
foliation plane, bat in every direction in that plane. 

20. Amphibolite from West Northfield, at first branching of the road 
west of Northfield ferry. A fine-grained, black rock, the fine black needles 
arranged as in the last case. These two rocks resemble more closely the 
older amphibolite of Northfield Mountain east of the river than the tough, 
matted, fibrous, massive rock of the West Northfield range described above. 
(In the Northfield Mountain rock, however, the stretching is complete and 
the rock thin-fissile, and the hornblende needles are all closely parallel to 
one another. It is porphyritic, has the usual medium absorption and 
pleochroism, ¢= blue-green, b=olive, a=honey-yellow; extinction 19°.) 
Under the microscope the needles are grouped in parallel or almost parallel 
bundles to form large crystals, which resemble the large blades of the 
range to the west, described above. The fine, fresh needles are often well 
terminated, the pleochroism strongly marked; c—deep mountain green, 
b=olive green, a=yellow. Beautifully complex, large reticulated groups 
‘of magnetite crystals oceur, and with polarized light the colorless back- 
ground breaks up into a fine-granular plagioclase aggregate. The lighter 
spots show the usual untwinned plagioclase mosaic. The grains show the 
usual concentric extinction; the rounded or angular centers extinguish in 
one position, and the darkening goes outward to the surface with continued 
rotation. 

21. Limestone; Bernardston, northeast of N. W. Purple’s house (now 
abandoned), on the Purple blind road. Layers of white granular lime- 
stone up to 15™ thick, in green, compact hornblende rock. 
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Under the microscope grains of quartz appear scattered in a very 
fine-grained mass of plumose hornblende. Bands of calcite run through 
this, made up of several layers, with much acicular hornblende developed 
in it. The calcite grains are polysynthetic. The hornblende is partly 
decomposed into a bright-green, apolar serpentinous mineral. 


ROCKS AT THE MOUTH OF MILLERS RIVER. 


Southward from Northfield the Triassic sandstones border the river on 
the west and older gneisses approach it on the east, and the first exposures 


PIVER 
of S b2) 
& 9 B he Frenchhin, 
eso 3 J ‘ 
: ts > N 
Se : eee 
SS 5 —\ "2S 
engl Dee eae GS 
Listaithy 3 
o 


Fig. 20. Sketch map of rocks near the mouth of Millers River, Erving. 


which can be compared with the Bernardston series appear in the east 
bank of the Connecticut 5 miles below Grass Hill and just above the 
mouth of Millers River (figs. 20-22). Here, for nearly a mile, there is an 
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Fic. 21. Sketch of rocks at mouth of Millers River, looking northeast from B on map, fig. 20. Scale, 1: 2000. H. S.— 
hornblende-schists; Q.—quartzite; GN.=gneiss; GR.—granite; M. S.—mica-schist; B. GN.= biotite-gneiss; OLDER 
GN.=Monson Cambrian gneiss. 


unbroken exposure of rocks of great interest, which I have associated with 
the Bernardston series, at times with much confidence and at times very 
doubtfully. It becomes, in fact, a question how far the original sediments 
may have been different from proximity to the gneiss instead of the argil- 
lite, and how far, also, the immediate presence of the gneiss during the 
thorough metamorphism of the sediments in question may have conduced 


296 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


to a result different from that reached where the underlying mass was 
a nonfeldspathic schist. I am inclined to give great weight, perhaps 
the greatest weight, to the occurrence of the same succession in beds 
of about the same thickness—quartzite, mica-schist, limestone—the latter 
changing into hornblende rock, and to the tracing of the beds into such 
close proximity rather than to the exact texture of the beds themselves. 
The following description will emphasize the differences in the latter 
regard: 
Below the fall at the mouth of Millers River, and on the north bank 
of the latter, at a small crevice in the cliff, a fault is plainly seen (fig. 21), 
the biotite-hornblende-gneiss which formed the apron of the dam dipping 
10° W., against a flinty quartzite which dips 40° W. Following the 
ms E. outcrop along the river to 
i its north end, at a point 
164 feet south of “The 
French King,”! we find 


a marked promontory— 
an island except at low 
water—of the same jas- 
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Fic. 22.Section on east bank of Connecticut River above mouth of 
Millers River at A on sketch map, fig. 20. 


of coarse granite from the 
much older horizontal 
Becket gneisses which crop out in the bank of the river and continue for 
a long distance north. The unconformity is indicated in the above figure 
(fig. 22). The rock at the promontory is a very peculiar quartzite, very 
thin-laminated and corrugated like the grain of gnarled oak. Layers, which 
sometimes swell to 10™", of black, flinty quartz, wavy and interrupted, alter- 
nate with bands of white to oil-green, compact quartz, producing a structure 
which resembles the banding of some eruptive rocks more than ordinary 
bedding. The rock can be followed south for 500 feet along the bank. 
The ribboned quartzite changes into a coarse mixture of blue, greasy quartz 


1A great bowlder of Triassic conglomerate which lies in the middle of the river at the head of 
the rapids, and derives its name, according to tradition, from the fact that the bateaux of the French 
and Indians, during the French wars, were stopped here by the rapids, and one adventurous French- 
man pressed on to this rock and broke a bottle of wine over it, claiming the country in the name 
of the French King. 
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and feldspar, very rusty and carrying pyrite and galena, and rarely musco- 
vite in broad scales. Going 33 feet along the strike, one finds the rock 
changing to a massive, dark leek-green hornstone, which continues a long 
distance, becomes in places black, and assumes a small columnar structure, 
and at last returns to the coarse mixture of quartz, flesh-colored orthoclase, 
and muscovite, the latter often in plates about an inch across—the whole 
coarsely but distinctly bedded in laminz 1 to 2 inches thick. 

This is succeeded in ascending order by a well-developed, coarse 
muscovite-schist 13 feet thick, which dips beneath a bed of very siliceous 
limestone about 40 feet thick, very rusty externally, in the interior white 
to flesh-colored at base, but soon becoming dark-green to black above, and 
very hornblendic. _ In places it is a pure amphibolite, but it is generally 
mottled with white calcite. It is cut by two dikes, 3 to 7 feet thick, of 
coarse granite. Then begins a great bed which seems to rest upon the 
hornblende-calcite rock, but the exposure leaves this indistinct. This bed 
begins at base as a greenish, apparently calciferous quartzite (it rusts 
deeply), and makes the mass which projects into the Connecticut at a point 
just north of the mouth of Millers River. At base some parts are conglom- 
eratic, quartz pebbles one-half to 1 inch long occurring. This rusty layer 
is about 20 feet thick. Then a thin layer of amphibolite, like the other, 
caps the quartzite for a short distance (72 feet) along the water’s edge, and 
the latter rock, the quartzite, runs on in great undulations for 656 feet 
toward Millers River, its average strike agreeing closely with the course of 
the Connecticut at that point (S. 60° W.) and its dip being 42° W. The 
high, bare cliffs give almost unbroken exposures between the two exposures 
of the fault at the extremities of the section, and leave the stratigraphy 
uncertain at only one point. The upper quartzite is thin-fissile in its upper 
layers, bluish at times, and repeating all the flinty varieties seen at ‘‘The 
French King” (16 feet). At the great- point just north of the mouth of 
Millers River, where the shore-line swings round to the east as one passes 
up the bank of the latter stream, this grades below into a perfect feldspathic 
eneiss of medium grain, with a little greenish mica (20 feet), which passes 
below into coarse granitic gneiss or a gneiss breaking in laminze nearly an 
inch thick but composed of the coarse orthoclase and large muscovite 
scales of a common coarse granite. The muscovite scales are often an 
inch broad, and are generally in the plane of foliation (30 feet). 
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This stratum is followed below, just at the junction of the rivers, by 
a heavy bed of a very coarse, very micaceous muscovite-schist. This 
mica-schist incloses a great number of lenses of coarse granite, its laminz 
separating to inclose them, and the strike of the rocks continues closely 
parallel to the course of the Connecticut. This stratum passes beneath 
the water at the place of junction of the two rivers, and the granite 
lenses rise in twelve small islands which stretch across the mouth of 
Millers River (105 feet). 

The mica-schist changes suddenly below into a dark, much-jointed and 
yet fissile biotite-gneiss. The biotite is bronze-colored, but green superfi- 
cially. This is followed finally by the basal quartzite, containing at first 
bands of coarsely feldspathic quartzite with scattered red garnets like those 
common in granite, and broad flakes of muscovite, and with quite large gran- 
ite lenses. Below it is for the most part a green to flesh-colored, compact 
quartzite with feldspathic and biotitic layers, and resembling closely that 
at the north end of the exposure at ‘‘The French King,” and faulted, as 
already detailed, against the older gneiss just below the bridge over Millers 
River. (See fig. 21, p. 295.) 

The order from the fault upward is, thus, at both ends: (1). quartzite, 
(2) mica-schist, (3) amphibolite and limestone; and it is doubtful whether 
the order continues upward, (4) rusty quartzite, (5) amphibolite, or 
whether the two upper are repetitions of the lower members of the series. 

Crossing Millers River, the fault line runs through the high Mine Hill 
west of the village of Millers Falls, and, especially the band of schist and 
eneiss impregnated with granitic material, makes the crest of the hill. This 
band is greatly brecciated and its fissures are filled with magnetite, which 
has suggested the name, while on the western slope a greenish compact 
quartzite or hornstone caps the feldspathic beds. 

Southward across the Montague plain all the outcrops are to the east 
of the line of junction of the two formations, and thus lie in the older gneiss, 
until, on the southern border of the great sand plain and just northeast of 
the village of Montague, there occurs a great mass of the same gray to 
pale-green, greatly-jointed and brecciated quartzite, quite massive and 
hornstone-like in texture. A few rods to the east, across the railroad, the 
older gneiss rises above the sands, dipping beneath the quartzite. South 
and west everything is covered by the Triassic sandstones, but on the north 
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face of the hill west of Montague a coarse gneiss showing traces of con- 
glomerate structure rises out of these sandstones and is most nearly allied 
to the coarser rocks at the mouth of Millers River, with which I have asso- 
ciated it on the map. (See p. 362.) 

Along the fault line northward from the mouth of Millers River across 
Northfield, the older gneisses rise from beneath the sands in many places 
up to, but not beyond, the line of the fault, while the few outcrops of the 
Bernardston series approach the same line on the west until, opposite 
Northfield village, in L. A. Moody’s lane, the Devonian quartzite, identical 
with that west of the river on the Williams farm, here greatly brecciated 
and its fissures filled with hematite, approaches very near to the older rocks, 
and the same thing is true northward along the road which skirts the moun- 
tain to and beyond the State line, where the fault enters the older rocks, as 
shown on the map, Pl. XXXIV. 

The quartzite, greatly brecciated, and veined with hematite, can be 
traced in several places into near proximity to the older series. It is a fine- 
grained rock which shows no signs of derivation from the varying members 
of the older series against which it successively rests. It fails to conform to 
them in dip and strike, and these facts, combined with its thorough breccia- 
tion along this whole line, make it probable that the Bernardston series is 
bounded on the east by the extended fault which has been traced north and 
south from Millers River. | . 


CHAPTER xX 


THE AMPHIBOLITES DESCRIBED IN THE PRECEDING 
CHAPTERS. 


ANALYSES AND SECTIONS. 


I have in the preceding chapters described a great variety of amphibo- 
lites, and have assigned most of them with more or less confidence to the 
list of altered sedimentary rocks. Forms which are associated with basic 
eruptive rocks or retain any traces of the structure of those rocks I have 
classed with eruptive rocks. Varieties which form selvages to limestone 
beds, or are in every way closely associated with limestones and inter- 
bedded with the schists in which they occur, I have considered to be 
derivatives from impure limestones. Without recapitulation, | may call 
attention to the discussion of the amphibolites associated with Algonkian 
limestones, on pages 29-30, and of the origin of the Chester amphibolite, 
on pages 147-155, and to the description of the amphibolites of the Hawley 
series, on pages 166-169, and of those more certainly derived from lime- 
stones in the Conway schist, on pages 189-196, and in the Bernardston 
series, on pages 275-282, 290-294, 297. I bring together here for com- 
parison all the analyses of amphibolites from the region, and a series of 
sections commencing with forms which are certainly sedimentary and end- 
ing with those concerning whose origin there will be difference of opinion. 
A curious porphyritic structure which is common in the amphibolites is also 
briefly discussed. | 

I have described many beds of amphibolite that may, with more or 
less certainty, be derived from limestone. I have perhaps given too much 
weight to this mode of derivation, and may have included beds of igneous 
origin. It is very striking how small the chemical variation is in rocks 
differing widely in age, habit, and probable origin, and the close agreement 


of all these analyses with that of an average disbase will not escape atten- 
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SECTIONS OF AMPHIBOLITES DERIVED FROM LIMESTONES. 


Silurian and Devonian age. Drawn with lower nicols to show the pleochroism of the hornblende. 
The upper nicol is used to bring out the outlines of the colorless mosaic. The plane of polari- 
zation is parallel to the long side of the plate. The hornblende crystals are generally full of 
colorless grains like those of the ground. All show remnants of calcite. x 20. y 

Fic. 1.—Calcareous garnet-amphibolite. Conway schist, Plainfield. From the base of the large 
“anvil,” figured in Pl. XX XIII and described on page 191, and formed by the metamorphism of 
the impure limestone which still makes the shaft of the anvil. The rock has the aspect of a 
coarse hornblende-schist, but effervesces with acid. The coarser-grained portion of the color- 
less mosaic is clastic, identical with that of the adjacent mica-schist, and the garnets have the 
same symmetrical arrangement of the coaly impurities. The finer part of the colorless ground 
is plagioclase. One large grain is marked by triclinic striation and most of it is crushed. The 
biaxial character of many grains could be determined. Extinction 87°, indicating anorthite. 
The ragged hornblende plates inclose many colorless grains, generally quartz or calcite, but 
sometimes small colorless zircons with deep halos of darker color. The dull portions, heavily 
dusted with carbon grains, are remnants of corroded calcite. Swarms of leucoxene grains 
surround ilmenite. (See Analysis I, p. 303.) 

Fic. 2,—Amphibolite. Whately. From bridge west of the Whately Hotel. A black, massive 
amphibolite; forming portion of limestone bed in Conway schist and folded into argillite. 
The long hornblende blades are often centrally brown, with colorless ends, and loaded with 
transverse black bands which send out comb-like teeth parallel to the vertical axis. There is 
some biotite. Red rutile surrounds black ore, and small colorless zircons (?) appear, surrounded 
by dark halos. There is a mosaic of feldspar without twinning and generally without cleavage. 
(See pp. 192, 196.) . 

Fic. 3.—Amphibolite. Bernardston, near R. Park’s. From the Devonian Bernardston series. A 
black, massive rock, made of broad, stout, interlaced blades of hornblende. ‘These blades - 
grade into radiate tufts of hornblende needles. The hornblende crystals inclose many color- 
less grains, often of branching and irregular forms, resembling the grains of titanite which 
surround some of the black ore masses in the slide. Some of the grains of the colorless mosaic 
are twinned and have generally the small extinction angle of albite. Others show secondary 
growths around rounded centers. One fine fibrous and punctate fragment seems to be organic, 
resembling a brachiopod shell. It is too small to show in the drawing. (See Analysis VII, 
p. 303, and comparative discussion, p. 275.) 

Fig. 4.—Garnet-graphite-amphibolite. Bowlder from Leverett, but coming with great probability 
from one of the coarser Bernardston beds or from the great Guilford bed in the Conway 
schist, figured on Pl. VI (fig. 2). A complete block of massive amphibolite. The stout 
interlacing blades of hornblende contain in their meshes little granular mosaic, which 
decomposes readily and gives a beautiful surface. The fresh surface effervesces. A few gar- 
nets appear. The striking peculiarity, indicating the defivation of the rock from a graphitic 
limestone, is that the surface of very many of the hornblende crystals show shining scales of 
graphite, which only rarely appear in the photograph. x +. . 
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tion. No. IX is, however, certainly, and Nos. I, IV, and V are almost 
certainly, derived from limestone. There is therefore no reason from the 
chemical side why they should not all be so derived. 

Analyses of the amphibolites described in the preceding chapters: 


(Analyst, L. G. Eakins. ] 
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I. Heath; W. M. Sanford’s. Porphyritic amphibolite in Goshen schist. 
Il. New Salem. Amphibolite associated with steatite. 
III. Leverett; gothic house east of village. Massive, coarse, altered diabase. 
IV. Whitmores Ferry; Sunderland. Thin, shaly, aphanitic amphibolite of Conway age project- 
ing through Triassic sandstone. 
VY. Guilford, Vermont; shining-black, flaggy amphibolite; long bed in Conway schist. 
VI. Worthington; in Hawley schist; nearly pare, matted, black hornblende needles. 
VII. Bernardston; R. Park’s. Black, heavy, massive hornblende rock. Devonian. 
VIII. South Leverett. -Ligniform, deep-green amphibolite. 
IX. Goshen; base of the ‘“‘anvil” formed by solution of the block of impure liméstone, and thus 
certainly derived from limestone of Conway age. (See p. 191.) 


In the accompanying plates (Pls. V, VI) I have brought together 
types of all the amphibolites described in the preceding chapters for com- 
parison with the table of analyses given above. The sections on PI. V 
are certainly derived from limestone. The first two sections on Pl. VI 
have probably the same origin. The third section, from the Hawley schist, 
and the fourth, which is from a bed adjacent to the great Chester amphibo- 
lite, are of uncertain origin. 


304 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


PORPHYRITIC CHARACTER OF THE AMPHIBOLITES. _ 


The hornblendic bands of the Bernardston series are often pseudo-por- 
phyritic, especially west of the Mount Hermon School. ‘This structure is 
widely distributed in older amphibolites from the Hawley to the Conway 
series, both inclusive, especially in the Guilford and Heath amphibolites 
and the large upper band of the Hawley schist (see p. 166). It reappears 
again in the Conway schists in Granville, and is seen in the most striking 
form in South Monson (see p. 249). The dark surface of the rock is inter- 
rupted by white spots 2-10™™ in length, more or less angular and of some- 
what uniform size. A quite close inspection will often leave the impression 
that they are formed simply by the expulsion of the hornblende needles 
from the area, and are a portion of the granular base of the rock, but a 
bright light will show at times the flash of a common cleavage over the 
whole or half of the surface. 

With polarized light the same effect is produced. A simple mosaic of 
feldspar grains appears, but by using a very low power it can generally 
be seen that the groundmass is held together by a single large feldspar 
growth, so crowded with foreign bodies that it can hardly be separated. 

I compare these feldspar growths to those described on page 287 in 
the Bernardston quartzites, or the small porphyritic albite crystals in the 
Hoosae schists, and consider them the earlier generation (as compared with 
the hornblende needles) in their present position. They often include 
minerals of early growth, as biotite and dolomite (which are now wanting 
in other parts of the rock), as well as the common groundmass, and have 
by their early presence prevented the iron-bearing mineral from occupying 
their place. They are now often saussuritic, made up wholly or largely of 
highly refringent epidote, or zoisite grains, very possibly as the result of a 
paramorphic change at the time of the development of the hornblende. 

The whole process is one more intelligible as occurring in a calcareous 
red sandstone than in a metamorphosed diabase, and it is very common in 
the amphibolites, which occur in thin, extended, conformable sheets, grade 
more or less into limestone, and show no tendency to form serpentine and 
steat'te, and it is wanting in the gabbro-like beds and in the great Chester 
amphibolite, which is associated with olivine and enstatite rocks, serpentine, 
steatite, and emery, and which may thus be derived, at least partly, from 
beds of distinctly eruptive origin. 
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PLATE VI. 
SECTIONS OF AMPHIBOLITES PROBABLY DERIVED FROM IMPURE LIMESTONES. 


Silurian. Drawn with lower nicols to show pleochroism. The upper nicol is used to bring out 
the outlines of the grains in the colorless mosaic. The plane of polarization is parallel to the 
long side of the plate. The hornblende grains are generally free from grains of the plagio- 
clase. X 20. 

Fia. 1.—Magnetite-amphibolite. Conway schist, Whately. From the north end of the large band 
near house of Mrs. M. Taylor. A black, slaty rock, easily mistaken for a black shale. A rock 
of very fine and even grain. Many of the ore grains are surrounded by small groups of titanite 
grains, many grains of which are scattered evenly in the whole field. A narrow vein filled with 
large and long plagioclase grains, like the ground, crosses the slide. (See Analysis IV, p. 303, 
and for description p. 194.) : 

Fic. 2.—Rutile-epidote-amphibolite. South line of Guilford, Vermont. A shining-black schist, 
slightly larger needles, black and lustrous, appearing among the others. A limpid granular 
mosaic, in small quantity, no multiple twinning, rarely cleavage, one probable determination 
of albite. Hornblende ragged-bordered, but without inclosures, with strong pleochroism and 
cleavage. Much deep-red brown rutile clustering around black ore grains. Considerable pale- 
yellow epidote. (See Analysis V, p. 303, and for description p. 195.) ; 

Fic. 3.—Epidote-amphibolite. Hawley series. Heath, near E. Gleason’s. With large porphyritic 
hornblendes and feldspars. A fine-grained, limpid feldspar mosaic, thick set with minute but 
quite well-formed hornblende and rounded epidote grains. The large hornblendes show 
remarkably strong pleochroism when viewed with a lens without the intervention of nicols, 
and twinning, both of which properties are indicated in the figure. They are centrally 
filled with minute foreign bodies. The feldspar crystals are centraily filled with highly 
refringent, slightly yellow grains of epidote, and the same are scattered through the ground. 
The distinctly bounded feldspar crystals are mostly broken into a mosaic. One shows trace of 
carlsbad twinning, but no cleavage or multiple twinning can be seen. The abundant grains 
of magnetite show no trace of change. The red grains are much rusted ankerite. (See p. 166.) 

Fic. 4.—Amphibolite. Chester. From the cut nearest to the station. A black rock banded with 
white layers, which are thin and interrupted, the mass of the rock made of shining, jet-black 
needles just visible to the eye. Under the microscope the rock is very fresh, the hornblendes 
are in long, ragged-ended, parallel blades with few inclusions and strong pleochroism. Extinc- 
tion 21°. The coarse, limpid ground mosaic is made up of quartz and albite grains, polarizing 
brilliantly and hardly distinguishable from one another, except that the quartz gives the black 
cross and the feldspar is positive and biaxial. This mosaic resembles exactly that of the 
adjacent sericite-schist. There is no trace of any other mineral except these three. (See 
pp. 97, 160.) 
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THE ERUPTIVE ROCKS. 
INTRODUCTION. 


The species of igneous rocks occurring within the area of the crystal- 
line schists are: 

1. Granite, in the strict sense, or biotite-muscovite-granite, the most 

widely distributed. 

2. Granitite, or biotite-granite, generally porphyritic. 

3, Pegmatite, or muscovite-granite. 

4. Albitic granite in secondary veins in the pegmatite, remarkable for 
their content of rare elements. 

5. Aplite. 

6. Quartz-gabbro. 

7. Tonalite, or quartz-diorite, wholly or in part derived from No. 7, and 
with it forming the syenite of President Hitchcock. 

8. Diorite. 

9. Diabase. 

10. Cortlandite. 

Within a square twenty-five miles on a side, with Northampton at. its 
center and its eastern line along the foothills on the east side of the broad 
Connecticut Valley, in Belchertown and Pelham, the country consists for 
the most part of large areas of granitic rocks of the above types. Where 
schists cross the region they are contorted and granite-impregnated, and rest 
upon the granite in separate sheets, often of small size, or narrow bands, 
and all, down to the smaller fragments, retain their dip and strike, even 
when surrounded on all sides by the massive rock. 

A large portion of the area outlined above lies beneath the sands and 


sandstones of the Connecticut Valley, and the line of Triassic eruptions 
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bisects it from north to south, so that the great depression of the valley 
seems to be connected with these ancient granitic intrusions. 

Outside the area defined above granite dikes are few and small, the only 
large ones being the Middlefield and Coys Hill dikes. Topographically, 
and in the interest of cartographic work, they may be divided into four 
groups: (a) the great stocks and dikes of muscovite-granite, with their 
accompanying swarms of smaller dikes, the whole surrounding the groups 
b and c below; (0) the extended central areas of quartz-gabbro and tonalite 
(syenite of President Hitchcock), which are without accompanying dikes; 
(c) the biotite-muscovite-granite, which occupies great areas topographically 
as well as lithologically intermediate between the other two, and is with dif- 
ficulty separated from the former (a) because it is itself cut by an enormous 
number of veins of muscovite-granite, or pegmatite, not distinguishable 
from that of the group a itself, so that it could often as well be assigned to 
the one as to the other on the map; (d) the porphyritic biotite-granites, 
which are widely separated from the above group. 

At the two opposite corners of the granitic region are two great squar- 
ish masses of quartz-hornblende rocks (tonalite), which send out no dikes, 
and which have produced a much more intense contact metamorphism than 
the mica-granites. 

The Hatfield tonalite area is immediately succeeded on the west by a 
fine-grained biotite-granite almost like the Monson gneiss, but which from 
the beginning carries a small, constant quantity of muscovite. To the west 
it soon begins to be cut by pegmatite dikes, and at the Mill River in 
Leeds, a mile west, their number is already considerable. In the next mile 
west the belt of granite which stretches from Loudville to Williamsburg 
has, as it were, a substratum of the fine-grained biotite- (or two-mica-) 
granite, but so cut up by successive generations of the coarser muscovite- 
granite that it almost disappears beside the latter. 

Then still farther west and south, and on much higher ground, the 
great rounded granite stocks, which stretch from Montgomery to Conway 
and rise to form some of the highest hills on our western horizon— 
Pomeroy Mountain, in West Hampton, and Moores Hill, in Goshen—are 
desolate regions of a coarse muscovite-granite, rarely slashed by great blades 
of biotite, in which one finds here and there large areas or, as on the top of 
Moores Hill, an isolated block of the fine-grained biotite-granite. 
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Up to this point the description covers an area of unbroken granitic 
rocks of various types, superficially separated by shallow bridges of schist. 
Like the roots of a great tree inverted, there radiate from this central mass 
numberless dikes of every size, the connection being proved in many cases 
and probable in all. These dikes are of two kinds, the fine and uniform 
grained biotite- (or two-mica-) granites or granitite, and the coarse to very 
coarse muscovite-granite veins—pegmatite. The former are generally, the 
latter sometimes, interbedded in the schists for long distances. Toward the 
periphery of the area the pegmatite dikes carry secondary veins of albitic 
granite with many rare minerals. Within the area cut by the dikes and 
surrounding it in a broad halo the country rock is filled with quartz veins 
and pegmatite lenses of every size, derived, I doubt not, from the granite. 

On the eastern side of the river there stretches north from the Bel- 
chertown tonalite (‘“‘syenite”) area a region where the schists are so crowded 
with pegmatite veins that they (the schists) sink into unimportance. This 
continues across Amherst, and in Leverett is followed by a large area of 
almost unbroken granite. 

The discovery and description of the peculiar type of eruptive masses 
towhich the name ‘‘laccolites”* has been given by Gilbert—great mushroom- 
like bodies of lava thrust up into the bedded rock to a certain level and then, 
expanding into a cake-like mass between the beds, pushing up the superin- 
cumbent strata into a low dome, but not reaching the surface—suggested to 
I. Suess” the name “‘batholites” for the similar but more extensive masses of 
granite which occupy a position in the crystalline schists analogous to that 
of the laccolites in the newer rocks. It is in this connection that the obser- 
vation of Hitchcock is interesting, that the great masses of granite seem to 
be set free by the denudation of the schists above them, and the further 
observation—which I have had occasion to make repeatedly—that where 
the schists are so cut up by the interlacing granite dikes that the latter 
make up far the greater portion of the surface, and even where long isolated 
sheets stand vertical or nearly so in the great granite masses, the prevalent 
strike and dip of the surrounding schists are strictly maintained, indicating 


1G. K. Gilbert, Rept. Geol. Henry Mountains. A.C. Peale, On a peculiar type of eruptive 
mountains in Colorado: Bull. U.S. Geol. and Geog. Surv. Terr., No. 3, p. 551. EF. M. Endlich, Erup- 
tive rocks of Colorado: Tenth Ann. Rept. U.S. Geol. and Geog. Sury. Terr., p. 199. 

°E. Suess, Das Antlitz der Erde, p. 219. 
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that they are downward projections of the roof of the batholite, which has 
been removed just to their average plane of junction. Such a great batho- 
lite is well seen in Mount Tekoa, in Montgomery. To one standing on the 
high ground on the west line of Westfield and looking north the contrast of 
the white granite and the black schist is strongly marked. On the right the 
great dome of granite makes the sky-line. To the left its curved surface 
passes down beneath the mass of the schists of Mount Tekoa. The latter 
at first mantle up over the dome conformably, and higher up end very 
obliquely on the contact plane, and are greatly corrugated and cut by 
many large dikes sent off from the main mass. 

Again, these schists and their limestones, entangled in the granite, 
have been subjected to the same kind and degree of contact metamorphism 
as the broad band surrounding them. The schists became feldspathic and 
the limestones coarsely crystalline, as described under the head of the Con- 
way mica-schist, page 197, while the hornblende-schists became pyroxenic 
(as described on p. 243) or feldspathic with or without the development of 
pyroxene. I look upon the larger masses as great granitic reservoirs’ 
which have partly forced and partly melted their way up through the schists 
to the place where they are found, absorbing much of the material of the 
latter in their progress and sending upward and outward a complex radi- 
ating network of dikes. 

I consider the two great stocks of ‘‘tonalite” described below to be 
partially denuded domes of these great granite batholites, which have 
melted so much of the gneiss and hornblende-schist into their mass that 
their composition has been greatly changed, but which, penetrated more 
deeply, would change to ordinary granite. 

Two bands of hornblende-schist may be traced right up to the Belcher- 
town stock on the south, and reappear again with their attendant beds upon 
the north, and a single very thick bed can be followed up to the Hatfield 
bed on the north, and in traces dipping toward it along its western side. — 

The hernblende-schist west of Belchertown village, cut by numerous 
dikes of granite, becomes impregnated with feldspar, and its fragments have 
their hornblende largely changed to green pyroxene for a foot from the 
contact plane (this at Kellys Crossing), and farther south beds of augitic 


"See J. W. Judd, The ancient volcanoes of the Hebrides: Jour. Geol. Soc. London, Vol. XXX, 
1874, pp. 220-300. 
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granite nearly 4 feet thick border the larger granite veins, or are inter- 
calated in the amphibolite, and at last the whole greatly resembles the 
“syenite”—here a diallage-biotite-gabbro. 

The eastern hornblendic band comes south as a sharp synclinal fold of 
hornblende-schist, embracing a band of mica-schist, and becomes changed 
to resemble the tonalite, while the inclosed schist continues far south into 
the tonalite, metamorphosed into a highly crystalline fibrolite-schist. 

On the west side of the river broad bands of hornblende-schist and 
limestone can be traced to contact with the tonalite, and isolated fragments 
appear on the latter across its whole length. Farther west, beyond the 
influence of the hornblende-schist, the tonalite changes to biotite-granite, 
and still farther west to muscovite-granite. Biotite-granite becomes the 
prevailing rock of the batholites, where they are contained in the Conway 
garnetiferous schists. 

Two circumstances are very peculiar in the distribution of the rock. 
The first is the barrenness of the great central masses as compared with the 
richness in minerals of the smaller bordering dikes; the other, the degree to 
which the granite is confined to the mica-schist and avoids the gneiss which 
bounds it east and west and in all probability underlies it. This association 
is so marked that when a narrow strip of the Conway mica-schist appears 
east of the river in Northfield there are associated with it dikes of pegmatite 
having secondary veins of albitic granite carrying cleavelandite, spodumene, 
columbite, and beryl. 

The western line of Pelham and its prolongation northward and south- 
ward through Leverett and Belchertown is the eastern boundary of the 
disturbed area, and in the gneiss east of it granite dikes are few and unim- 
portant, rarely, as at the Monson quarry, carrying garnet and beryl. 

I have given much thought to those theories which would trace the 
granite down to the subjacent gneiss which, entirely melted, is supposed to 
have been “extravasated” into the subjacent rocks; but I find no good 
reason for inferring any intimate relation between the gneisses of the region 
and the pegmatite. Many chemical and microscopical peculiarities of the 
gneiss militate against that relation, such as the large content of quartz, 
calcium, and iron and the small content of potassium, the uniform distribu- 
tion of biotite and titanite, and the absence of tourmaline and muscovite. 

Further (exception being made of the small secondary veins with 
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their abundant minerals), the notion that any considerable portion of the 
pegmatite is ‘“endogenous”—i. e., is a granite veinstone of aqueous origin— 
is met by its enormous amount in comparison with the schists from which 
it is supposed to be derived, and the fact that it has plainly conduced to the 
enrichment of the schists by rendering them feldspathic and abundantly 
quartz-veined rather than to their impoverishment. At the same time, the 
appearance of the granites solely in the mica-schist area is a fact for which 
I have no explanation, except that the granites have come up along the 
axes of the larger synclines. 


HISTORICAL NOTES ON THE MICA-GRANITES. 


1819. E. Hitchcock. Geology of Deerfield, ete. Am. Jour. Sci., 1st series, vol. 1, 
p. 106. 

1820. A. Eaton. Index, p. 95. 

1823. E. Hitchcock. Geology of the Connecticut River. Am. Jour. Sci., 1st series, 
vol. 6, p. 18. 

1824, C. Dewey. Geology of Berkshire County, etc. Ibid., vol. 8, p. 4. 

1824. E. Emmons. Notice of localities. Ibid., p. 250. 

1827. A. Nash. Lead mines of Hampshire County. Ibid., vol. 12, pp. 238-258, 


1828. E. Hitchcock. Mineral localities. Ibid., vol. 14, p. 219. 
1833. E. Hitchcock. Geology of Massachusetts, p. 465. 

1835. E. Hitchcock. Ibid., No. 17, p. 473. 

1841. EK. Hitchcock. Ibid., Final Report, p. 682. 

1855. EK. Emmons. American Geology, p. 64. 

1866. C. U. Shepard. Am. Jour. Sci., 2d series, vol. 42, p. 248, 


1876. W. O. Crosby. Report on Geological Map of Massachusetts, pp. 30, 38. 
1879. A. A. Julien. Spodumene and its alterations. Annals N. Y. Acad. Sci., vol. 1, 
p. 346. 


In 1819’ President Hitchcock mentions the granite as extending from 
Southampton to Hatfield, with veins of lead ore—not distinguishing the 
Hatfield “‘syenite.” 

In 1820 Eaton uses the term “the Northampton Range,” and. notes 
the direction and extent of the lead vein from Montgomery to Leverett as 
proof of the continuity of the above range of granite. He also notes the 
three granite veins, with tourmaline, in Goshen and Chesterfield. 

In 1823 President Hitchcock designates the granitic area extending 


1The year number may serve as reference number to the article cited above. 


HISTORICAL NOTES ON THE MICA-GRANITES. 513 


from Southampton through Williamsburg “the Southampton granite,” and 
considers it ‘‘an original fundamental deposit of this rock.” He says: 

I would here suggest whether the mica-slate of this region that contains beds 
of granite may not be a newer formation reposing immediately upon that granitic 
nucleus which probably forms the basis rock in New England. And wherever this 
mica-slate and upper granite is worn away or there is a projection in the nucleus the 
basis rock may appear. 

He describes further the Amherst-Leverett range of granite, extending 
it to the mouth of Millers River, The granite veins abundantly cutting 
across all the other rocks of the region are discussed and figured. These, 
as, for example, the main body of the great Chesterfield tourmaline-bearing 
vein, “are doubtless contemporaneous—that is, such as were consolidated 
at the same time with the rocks they traverse”—a curious idea, based, I 
presume, on the fact that the Chesterfield dike is interbedded in its schists 
with apparent conformity. 7 

Graphic granite in Deerfield and Goshen, porphyritic granite in a 
range five or six miles long in Chester (which is a mistake for Middlefield), 
on authority of Dr. Emmons, and “pseudomorphous granite” are described. 
The latter is a coarse pegmatite, in which thin blades of biotite of the size 
and shape of the blade of a dinner-knife penetrate the rock in every 
direction and meet at every angle, but never intersect. 

In 1824 Dewey correctly locates the great Middlefield porphyritic 
granite vein, doubtless on the authority of Emmons, and the latter 
describes and figures many veins in Chester. : 

In 1827 Nash notes that often in ascending a mountain mica-slate forms 
the base, granite the apex, and that the great masses of granite are wholly 
destitute of minerals, and only the veins in mica-slate contain these. 

In 1833 President Hitchcock gives a very complete and very clear 
description of granite, restricting it to the variety without hornblende, illus- 
trating its complex relations to the mica-slate by forty-eight figures, enumer- 
ating the minerals contained in it, and giving a long argument in favor of its 
eruptivity. He says: “Upon the whole, the granite lies remarkably low 
in respect to other rocks, and one can not avoid the inference when he 
examines its situation, in almost all cases, that the abrasion of the stratified 
rocks may have brought the granite to light.” 

In 1835, and again in 1841, he publishes the same description with 
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scarcely any change, except to call attention to the remarkably complex 
system of veins at Great Falls, in Russell, He recurs as follows to the idea 
quoted above: “And I have sometimes inquired whether, if the whole sur- 
face were denuded as deep as that part occupied by granite, we should not 
find this rock spreading over a great part of the State.” 

In 1876 W. O. Crosby calls the granites of western Massachusetts 
“exotic montalban granites, whitish or gray, seldom red or greenish, as the 
Huronian granite is always micaceous, seldom hornblendic,” and yet in the 
next section he classes the ‘‘syenite,” which is generally reddish or greenish, 
and hornblendic, with the montalban granite. I am not certain that I 
understand this classification. He says further: ‘The Williamsburg granite 
represents, I conceive, the extension southward of the Shelburne anticlinal, 
only carried a step farther to produce the extravasated granite.” An 
inspection of the map will show that the Goshen anticline is the continu- 
ation of that at Shelburne. There is no anticlinal structure connected 
with the Williamsburg granite and mica-schist. 

In 1879 Julien publishes a most valuable article on the minerals of 
the granite veins related to spodumene, containing much concerning the 
sécondary veins themselves which I have incorporated in my own descrip- 
tion beyond. 

BIOTITE-MUSCOVITE-GRANITE. 
AREAS WEST OF THE CONNECTICUT. 


Characteristic for this rock is its fine, even grain. Biotite, the prevailing 
mica, is scattered in small, separate, jet-black scales in a fresh, bluish-white 
mixture of quartz and feldspar. This gives it a deceptive similarity to the 
granitic forms of the Becket gneiss, from which it is distinguished by its 
greater firmness and by a small, constant content of muscovite. It resem- 
bles the granite of Concord, New Hampshire. It may be best studied at 
the quarries east of Florence. In its finest varieties, as at the Loudville 
mine, it is almost a petrosilex; in its coarsest, as at the quarries above, the 
grains reach 2-3". It is wholly wanting on the east side of the river, 
around the Belchertown tonalite, which is in immediate proximity to the 
Monson gneiss. 

DISTRIBUTION. 


Just east of the Florence quarries, and extending from the house of 
Mrs. Haley to that of W. N. Moore, this granite adjoins the tonalite. In all 
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this distance the exact contact is covered, but the rocks can be studied at 
points a few feet from it, and the change from the one rock to the other 
seems to be quite abrupt. 

From this boundary it extends westward to the Mill River, and it is 
abundantly exposed along the road beside the river from Leeds to Williams- 
burg. As already indicated, it is found to be more and more replaced by 
dikes of pegmatite as one goes out to: the border of the area and up to the 
higher levels. 

It makes always the impression that it was the original rock, and that 
the pegmatite was injected into it at a later time, perhaps only slightly 
later. Around the periphery of the area its dikes are very abundant in 
Goshen and Chesterfield, and less so in Conway and Blandford. Its dikes 
are so uniformly interbedded in the schist around the Goshen anticline 
that I for a long time mapped it as gneiss, until at the south end of South 
street in Chesterfield, near C. Damon’s, I found it cutting across the beds 
of the schist. In these dikes it is of a little finer grain and more friable 
than in the main stocks. 


PETROGRAPHICAL DESCRIPTION, 


In the middle quarry west of Moore’s and east of Florence it is 


medium-grained, very fresh biotite-granite, with little muscovite, very 


feldspathic, and showing abundant triclinic striation. The quartz is rare 
and occurs in rounded grains, as if resorbed. It contains fluid cavities in 
enormous quantity, of grotesque forms and in large sheets, often with 
bubbles, some moving rapidly, some slowly, and some being stationary. 
They contain water and carbon dioxide. Large, rigid needles of rutile also 
occur. The feldspar, mostly triclinic, is centrally decomposed into a brown, 
opaque mass of kaolin scales. The narrow, fresh border seems almost as 
if it were a secondary growth. Extinction, 18° on either side. Orthoclase 
and microcline are also present, but in small quantity, and the large amount 
of plagioclase allies it to the tonalite. — 


CHEMICAL ANALYSIS. 


Analysis I, following, was made by Mr. L. G. Eakins from a speci- 
men of the best quarry stone of coarser grain from Moore’s quarry, Flor- 
ence, from which also the slides were cut. It is remarkable how exactly 
this analysis agrees with that of the lighter variety of the Monson gneiss, 
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with which variety this rock agrees most closely. I have repeated, for 
comparison, the analysis of the Monson rock (II): 


Analyses of granite from Florence and gneiss from Monson. 


AM TGS p pee se teres Seca son emese SoseSe coSace 100. 37 | 100. 26 


TOURMALINE DENDRITE ON THE SURFACE OF A BLOCK OF GRANITE FROM LEEDS. 


On the surface of a block of the light-gray granite quarried at Leeds 
is a layer, one-eighth of an inch thick, which differs greatly from the mass 
of the granite. The latter is a clear, gray granite of medium grain whose 
mica is mostly a jet-black biotite. The thin layer is a slightly coarser 
muscovite-granite, and over a large surface beautiful dendritic growths of 
jet-black tourmaline have formed. (Pl. VIL.) 

It is clear that boracic-acid emanations have passed through a fissure 
in the newly formed granite, and have promoted at once the formation of 
tourmaline and the replacement of the biotite of the granite by muscovite. 


THE ATHOL AREA. 


This enters the county only in the east portion of Orange, east of the 
west branch of Tully Brook, and the boundary is continued northward 
across the west portion of Royalston. The granite, from more rapid erosion, 
forms a steep valley, out of which rise the steep-sided Big Tully and Little 
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Tully mountains. The drainage established itself toward the sides of the 
basin and left these mountains in its center, as in the Orange-Enfield basin. 
The result is that the contacts with the schists are everywhere concealed 
beneath the brook deposits, and farther north by the till. 

From the highest ground on the road north from North Orange a fine 
view is obtained of the deep basin, with the white granite showing in the 
flanks of the Tully Mountains and all the ground above the sand level a 
‘‘felsenmeer ” 
in the extreme northeast of Orange shows by its jagged ridges of rust-brown 
rock that it is made up of the higher fibrolite-schists. 

The rock is the same almost purely biotitic granite as in the other bands, 


of great woolsack bowlders of granite, while the bold hill 


in the northern portion beautifully “stretched” and slightly garnetiferous. 
Along the side of Little Tully Mountain the biotite is mingled with epidote 
in porphyritic blotches. 


SECRETIONS AND INCLUSIONS. 


I have described below (p. 332) the black biotitic secretions which 
occur in the tonalite on either side of the river, and which resemble exactly 
those found in this granite. They are formed by the accumulation of biotite 
around centers. Other inclusions are more or less angular, and are finer- 
grained and less micaceous than their host, or coarser-grained and black 
from excess of biotite and hornblende. These seem to be portions of the 
rock itself which have solidified before the rest and have been broken up 
and floated to their present position, with more or less re-solution. 

There is in the first Massachusetts survey collection one specimen 
from Whately which contains a true inclusion of a foreign rock—a highly 
pyritous muscovite-schist. 


THE HARDWICK GNEISSOID GRANITE AND GRANITITE. 


Reference may be made to the section in Chapter VIII having the 
above caption for a preliminary description of this rock (p. 239). It covers 
a much greater area in Worcester County than here, and its relations will 
be more fully discussed in a memoir on the geology of that county. The 
rock could have been described with perhaps greater propriety in this 
chapter than with the Brimfield schists. 7 

The Coys Hill granitite seems to me senha older than the other 
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granites of this section, as it is more clearly affected by the last foldings, 
and it cuts the Brimfield schist and the Hardwick granite-gneiss. The 
latter is thus materially older than the other granites, and more nearly 
contemporaneous with the Brimfield schist, in which I suppose it to have 
been intruded before the final folding of the series, and with which I have 
therefore described it. 


BIOTITE-GRANITE, OR GRANITITE. 


Within the central granite area I have found but one dike of a purely 
biotite- granite, an exceptionally fresh, coarse, subporphyritic rock with 
white orthoclase, much plagioclase, and amber quartz. It occurs 820 feet 
west of the outlet of Burnell’s pond in Chesterfield. 

The granite described above—that extending west from the tonalite 
through Florence, and that around Williamsburg—is often in hand speci- 
mens a purely biotitic rock; but it generally contains at least a small 
amount of muscovite. This muscovite has always in the freshest rock the 
character of an original component, and is so regularly present that I have 
classed these rocks as two-mica-granites. 


CONTACT METAMORPHISM OF THE GRANITITE AND SCHISTS. 


The granitite is a highly feldspathic rock, and it has had great influ- 
ence upon the rocks bordering it on either side. 

The rusty fibrolite-schists become garnetiferous gneisses, porphyritic 
with a great number of rounded masses of clear, fresh, transparent ortho- 
clase, which oiten furnish good moonstones, and were formerly quoted as 
adularia from brimfield and Sturbridge. They appear also in the dark - 
Hardwick granite, where the porphyritic granitite approaches it, and they 
continue to appear in the fibrolite-gneiss far south of the most southern point 
to which the granitite can be traced, across Brimfield and Monson, as if 
they marked its subterranean continuation. They are often crushed at the 
border into a fine, sugary mosaic, and this cataclase structure is at times 
continued clear to the center. 


THE MIDDLEFIELD PORPHYRITIC GRANITITE. 


The great dike of granite in Middlefield, about 6 miles long, is widely 
separated from all other outcrops, and is unlike all the other masses of 
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granite in the region. It is purely a biotite-granite, small-porphyritic 
in all its central portions. The feldspars are about three-fourths of an 
inch long, rarely show carlsbad twinning, and are microcline without albite 
bands. A few rounded spots, apparently of albite, break the continuity of 
the cleavage surface. These feldspar crystals are at times bounded by a 
layer of secondary muscovite plates, and this is the only appearance of 
muscovite in the granite. 

The biotite is aggregated in groups of rather dull-black plates, with 
epidote, garnet, and rarely white apatite needles accompanying it. The 
yellowish-white background is a somewhat friable mixture of much gran- 
ular orthoclase and little bluish quartz, which is characterized by the 
presence of small, elongate cavities. At the border the porphyritic feld- 
spars and the biotite aggregates disappear, and the friable ground with 
small distant spots of biotite and the small cavities remain unchanged. 


THE COYS HILL PORPHYRITIC GRANITITE. 


DESCRIPTION AND DISTRIBUTION. 


The Middlefield dike on the west of the area is matched by this still 
larger dike on the extreme eastern border. It begins in Winchendon, and 
runs south 25 miles across Phillipston, Barre, New Braintree, West Brook- 
field, and Warren before it enters the Palmer quadrangle at its northwest 
corner, and ends in Brimfield. Its whole length is 33 miles; its average 
width is one-half mile. Only the portion in the Palmer quadrangle is 
here studied. It is a highly feldspathic, very coarse-porphyritic, garnet- 
iferous granitite, which presents almost everywhere a distinct gneissoid 
structure from the parallel arrangement of the large feldspars. It is proved 
to be an intruded rock by the fact that it runs for 20 miles in the Brim- 
field fibrolite-gneiss; then, just as it enters the Palmer quadrangle, it crosses 
very obliquely the Hardwick black granite, and enters the eastern band of 
fibrolite-gneiss. This is further proved by the fact that where it sends 
a great lobe into the western fibrolite-gneiss the boundary between the two 
is a broad sigmoid curve, having a general east-west direction, while the 
granitite on the north and the rusty fibrolite-gneiss on the south of this line 
have the same foliation structure, which strikes N. 25° E. and dips 60°-70° 
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west with great uniformity, and thus cuts directly across the boundary 
between the two rocks at every angle. The sudden disappearance of 
graphite, pyrite, and fibrolite, and rustiness and the great increase of feld- 
spar, separate it from the Brimfield gneiss. 

This gneissoid structure, furthermore, distinguishes this dike from the 
other granites of the region and indicates for it a greater age. The other 
granites have often been injected into the vertical foliation planes of the 
schists after these had been completely formed, and do not show any 
trace of having been subjected to the pressures which have given these 
structures to the schists, while here the granitite and the schists have been 
subjected to the same compression. 

A crushing of the feldspars occurs in the bordering portions of the 
granitite itself, and is well shown where, across the brook north of Fenton- 
ville, in Brimfield, the western boundary runs up the mountain side. Here 
the large feldspars are only slightly rounded and the sugary border of 
crushed feldspar still retains the angular boundary of the former crystal. 
The change increases until only the transparent centers remain, and this 
causes a marked whitening of the whole rock and ends with the formation 
of a light-gray, granular granitite, hardly to be distinguished from the 
Monson gneiss. This forms a selvage to the dike a hundred feet wide near 
H. Sherman’s, a mile southwest of West Warren, and a large quarry has 
been opened upon the same rock on the west slope of Colonels Mountain, 
in the northeast corner of Palmer. 

The rock can well be described by supposing the large porphyritic 
carlsbad twins which are scattered through the rusty fibrolite-schist of East 
Monson and Sturbridge to develop so abundantly that a complete augen- 
gneiss should result, the biotite and the garnet remaining the same as in 
the fibrolite-schist, and only the fibrolite, graphite, and pyrite disappearing, 
which they do almost uniformly. I have been thus led at times to consider 
this rock an extreme of the granitic impregnation which has affected the 
fibrolite-schists in this region, and not an intruded plutonic rock pure 
and simple. .A granite dike 33 miles long and only 2,500 feet wide is 
rather anomalous, especially in a region where the granites are in great 
blocks of a wholly different type. We are here, however, at a point 
where the type changes. Farther east porphyritic granitites are very 
common. 
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CORDIERITE-GRANITITE. 


At Brimfield, in the roadside near the north line of the town, is a 
coarse gramitic rock made up almost wholly of granular feldspar, in which 
large, rounded crystals of the same are embedded. In both forms the feld- 
spar is largely transparent. Thin films of biotite, mostly changed to 
chlorite, are shot through with tufts of fine fibrolite. Garnets and flakes of 
graphite are irregularly disseminated. Large, granular masses of nearly 
black, fresh cordierite occur, which are at times amethystine. 

The feldspar proves to be almost wholly microcline, with finest micro- 
perthitic structure (which is the cause of the moonstone luster) and with 
crushed borders, and it contains unusually large and well-defined zircons. 
The quartz contains many long, curved rutile needles. 

The cordierite is exceptionally fresh; rarely there spreads in fissures 
a delicate, feathery growth of limonite, and the mineral is altered for a 
small distance into a yellow, serpentine-like mass having aggregate polar- 
ization. It contains in great numbers regular hexagonal plates of hematite, 
placed in two planes at right angles to each other. 

Interposed laminz occur at times in twin positions. (See fig. 2, Pl. III.) 
There are two sets, making an angle of about 61° with each other. They 
are long, rigidly straight and parallel, narrow plates, sometimes slightly 
tapering or truncated at the end by an oblique plane. 

Sometimes a broad untwinned area sends a great number of these thin 
bands far into the untwinned area of another crystal. 

At times the bands interlace and include many diamond- shaped fields 
of the host. They are unlike plagioclase bands in that they are sur- 
rounded in polarized light by a white band. This is because the plane of 
boundary runs obliquely to the plane of the section, and the complementary 
colors of two parts neutralize each other. The fibrolite runs up, branching 
and rebranching like a plant, and at the end of each branch bright-green 
plates of chlorite are attached like leaves. In some cases it seems as if the 
square prism of the fibrolite were changed to chlorite. 

In fig. 2 of Pl. III the unshaded portion shows the axial figure of the 
first crystal (I) eccentrically as indicated. This crystal was large, and 
from a second, smaller crystalline portion (II) blades generally rigidly 
straight and with straight boundaries were sent out into (I). These plates 
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are bounded by sides of the prism o P, which is the twinning plane. They 
show a single axial ring, and the axial plane makes an angle of 48° with 
that of (1), instead of 60° 50’, as would be the case if they were cut par- 
allel to 0 P. The other crystal (IIT) is represented by a series of blades 
which make an angle of 61° with the first series. They are also bounded 
by “ P, which is the twinning plane, and their optical axial plane makes 
an angle of 58° on the other side of (1). The figure is drawn with crossed 
nicols and with the crystal (II) at the point of extinction. 


MUSCOVITE-GRANITE, OR PEGMATITE. 


One may omit any detailed description of a rock so well known. It 
is a granular mixture of quartz, muscovite, and a potash-feldspar mostly 
microcline, or orthoclase more or less mixed with microcline, and veined 
with albite; generally coarse-grained, and often very coarse—a giant 
eranite with its feldspars several inches on a side and its mica a foot or 
more across. Its greater masses and its smaller dikes are almost wholly 
barren of any accessory minerals. In its dikes of medium or larger size 
several minerals—as beryl, biotite, tourmaline, garnet—occur sporadically, 
and much more rarely ‘secondary veins” of foliated albite contain these 
and others of the rarest minerals in greatest beauty and profusion. 

The great masses which stretch from Montgomery to Conway and the 
many dikes which go out from them, the great mass southeast of Mount 
Toby in Leverett and the north of Amherst, and the dikes extending thence 
south through Amherst and Belchertown are the main outcrops of this rock. 

These dikes have been extensively worked in Blandford and Hunting- 
ton for mica, feldspar, and quartz, especially upon the property of the 
Pontoosic Flint Mills, in the north part of Blandford. There is opened 
here one of the most beautiful veins of giant granite in the county. The 
upper and the lower walls are occupied by a selvage 2 to 3 feet wide of 
the coarsest muscovite, which projects inward with crystals a foot square, 
mingled with feldspar. There follows above and below a layer 1 to 2 feet 
wide of great feldspars a foot on a side, which projects freely inward. The 
center, 2 to 5 feet wide, is of clear, smoky quartz, and in one direction the 
whole vein changes to quartz. 

These veins are very rare in the tonalite, but going out from these 
into the granites they increase gradually in number and at last swarm in 
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several generations and of every size until the original granite almost dis- 
appears, and they appear in great numbers also far beyond the great granite 
stocks, in the schists. 

While muscovite is so rare as to be almost an accessory in the eranitite, 
biotite is not wholly wanting here, but appears always with the distinct 
habit of an accessory, in great blades touching each other so as to form a 
rude cellular structure. This was called pseudomorphous granite by 


Hitchcock. 


PROBABLE EXTREME MODIFICATION OF THE PEGMATITE BY CRUSHING. 


The North Amherst granite——This is a peculiar rock, appearing in the 
hills southeast and west of North Amherst station, and again at the foot of 
the west slope of the Pelham ridge east of D. Hawley’s, beside a brook. 

It has at times a quite marked foliation (almost certainly a secondary 
structure), distant planes being thickly covered with quite coarse muscovite- 
biotite films, while in cross-section it appears wholly free from mica and 
has a subporphyritic look. Opaque, subangular portions of feldspar or 
quartz-feldspar are scattered quite distantly in a highly erystalline and con- 
tinuous quartz mass which seems a secondary constituent cementing the 
brecciated fragments of a highly feldspathic granite from which most of the 
hornblende or biotite has been removed during the violent changes the 
rock has undergone. 

In thin section a few twisted fragments of much altered biotite appear. 
The feldspars are brown with alteration products—rust, kaolin, and musco- 
vite—and rarely determinable; more plagioclase can be made out with the 
lens in the mass than under the microscope in thin section. The grains are 
much cracked and crushed, and show undulatory extinction and wavy twin 
lamin. Everything accords with its position along the main fault area 
marked by strong crushing. 


ALBITIC GRANITE AND PEGMATITE DIKES CONTAINING RARE 
MINERALS. 


It is a remarkable fact that the rare elements appear only in pegmatite 
dikes on the extreme periphery of the great granite area, and that they are 
not found in the biotite-granite or within the great central region of granite. 
This is enforced by the list of localities below, and may be brought into 
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casual connection with fumarole activity, using the term in a wide sense, 
and indicates that the pegmatite dikes were the later products in the com- 
plex series of granitic types present in the region. It has some analogy 
with the fumarole products accompanying the trap eruptions in which, as I 
have described (p. 423), albite, clearly water-deposited, rests on delessite in 
amygdaloid cavities, as do also datolite, axinite, and rarely tourmaline— 
boracic acid minerals. The cleavelandite, which is a variety of albite, and 
abundant tourmaline match the minerals named above, but the analogy 
does not extend to the rarer elements. 


DISTRIBUTION AND DESCRIPTION. 


Because of several peculiarities in the separate occurrences, I have 
given below a description of each, commencing at the northwest and 
going around the area by the south. 


I. THE GREAT TOURMALINE-SPODUMENE DIKE. 


Macomber’s spodumene ledge, Clarke’s tourmaline ledge, the West 
Chesterfield Hollow, and the well-known Walnut Hill spodumene ledges 
(the last in what is now Huntington, the others in Chesterfield) are all 
portions of one continuous or nearly continuous, vertical, interbedded dike 
of coarse pegmatite, which is faulted and its south half thrown east at 
West Chesterfield Hollow. 

A. A. Julien’ says: 


At Macomber’s ledge the coarse orthoclase granite of the main vein contains 
films of margarodite and few imperfect green beryls, while in the secondary vein 
the succession seems to have been, first, quartz, muscovite, granular albite, tourma- 
line, and spodumene; then cleavelandite, quartz, manganese, garnet, and Zircon ; 
and, finally, smoky quartz with green and blue tourmaline. The larger crystals of 
most of these minerals penetrate through all the layers and their growth seems to 
have been continuous. 

At Clarke’s ledge the main granite vein is of the same general constitution 
as at Macomber’s, rarely showing a few large beryls. In the secondary vein no 
spodumene occurs, but the succession is in the same order. First, on either wall a 


saccharoidal albitic granite, with little quartz and mica and a few scattered, imper-: 


fect black tourmalines and garnets, then coarse cleavelandite, with blue, green, red, 
and rarely brown tourmaline, and small quantities of the rarer minerals, microlite, 
columbite, cassiterite, zircon, cookeite, lepidolite; all these, especially the tourmaline, 
increase in quantity toward the center of the vein, which is filled up by an irregular 
sheet of smoky quartz. 


'Spodumene and its alterations: Annals N. Y. Acad. Sci., Vol. I, p. 351. 
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Here the schists have been worn away from the main dike, which 
stands up in a vertical wall 33 feet high. In many places a veneering 
of schist remains attached, and when it is removed the impression of the 
schist is sharp and clear on the surface of the pegmatite. The layer of 
schist against which the pegmatite rests shows no signs of its influence, thus 
differing from the schist in contact with the albitic granite at the Barrus 
farm, described below, where the contact metamorphism is pronounced 
and the granite and schist are fused together. 

The secondary vein, as described above, is seen high up on the face of 
the vertical side of the main dike, and seems to me to have been deposited 
in a vertical transverse fissure in the latter, which fissure extends from the 
east face only about halfway across the dike and to an intermediate 
distance up and down. This fissure seems to have been formed in the 
newly consolidated pegmatite and to have been filled by a magma of 
peculiar composition, much hydrated, rather than by a simple solution. 
Thus, commencing with this tonalite and ending with the quartz veins, I 
suppose there is an unbroken series from igneous fusion to aqueous solution. 


At Chesterfield Hollow the granite of the main vein is of the usual character, 
but shows no beryl and little mica. The successive deposition of minerals in the 
secondary vein is, first, orthoclase in huge crystals, large plates of muscovite, some- 
times 6 to 10 inches in diameter, and grayish-white quartz. Within this comes an 
irregular mass of a coarse albitic granite, with green muscovite, spodumene, 
greenish-white beryl in masses sometimes 10 to 25 pounds in weight, and a zircon 
rich in uranium in minute double pyramids rarely three-sixteenths of an inch in 
diameter. Usually this albitic granite passes gradually into a mixture of quartz 
and cleavelandite in bunches of snow-white plates inclosing less muscovite— 
manganese garnets in large and abundant but impertectly crystalline grains, 
zircon, spedumene, and yellowish-white beryl in irregular masses. 

Finally the core of the vein consists of an irregular sheet of smoky quartz, 
penetrated by long prisms of spodumene, green beryl in small and good crystals, 
muscovite in hexagonal plates, often well crystallized and up to 2 or 3 inches across, 
as well as in sheets, scattered scales and wavy films which in part seem to be altered 
to margarodite, columbite, and zircon in rare but perfect crystals. This succession 
of minerals in the secondary vein is not as regular as might be inferred from the 
foregoing description, in which it is intended to indicate only the general tendency 
toward a definite arrangement. 

At Walnut Hill, in Huntington, the material of the main vein is similar to 
that of the preceding locality. In the secondary vein the rich deposit was found 
to be a very coarse albitic granite, rich in black tourmaline in huge masses, mus- 
covite, and garnet; then followed cleavelandite, white quartz, and spodumene in the 
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well-known fine crystals associated with black and blue tourmaline, triphylite, eryto- 
lite, garnet, apatite, muscovite, and greenish-white beryl, and the central sheet of 
smoky white quartz received the terminations of the spodumene crystals, together 
with a little beryl, moscovite, and cyrtolite.' 


Il. DIKES IN GOSHEN. 


The first dike in Goshen, that on the Manning farm, west of the Ash- 
field road, near the north line of the town, can not be well studied, as only 
disconnected masses can be obtained and the boundaries of the dike are 
not visible. 


The veinstone consists of a coarse aggregate of albite, indicolite, garnet, and 
spodumene, whose crowded and imperfectly outlined grains indicate a more rapid 
crystallization than in the other localities. 

At the Barras vein, a mile to the west, the mass of the vein seems to be repre- 
sented in place by a coarse aggregation of white quartz, orthoclase, and muscovite, 
and occasionally greenish beryl, accompanied in places by a contiguous vein of red- 
dish-white quartz, while the scattered bowiders of albitic granite appear to be frag- 
ments of a central band or secondary vein whose slow crystallization is suggested 
by the beautiful aggregate of snow-white cleavelandite and grayish-white quartz 
which forms the matrix of the rarer minerals. Of these the most abundant are the 
spodumene, mostly in rectangular prismatic masses up to 18 inches in length, and 
tourmaline in black, green, or blue-black (indicolite), generally massive, but sometimes 
in good erystals. Less commonly were found beryl, green and white (goshenite), in 
grains or sometimes fairly crystallized, with good terminations, garnet, rose-colored 
muscovite, and, still more rarely, columbite and cassiterite in minute crystals. Appar- 
ently there has been also in parts of the vein a final deposition of masses of smoky 
quarts enveloping smaller crystals of these minerals, but particularly of green beryl 
and indicolite.? 


Here the secondary vein came in part in contact with the country rock, 
and the latter, which is a whetstone-schist just at the contact, has been for 
several inches (at least 4) fully impregnated with silica, albite, and tour- 
maline in fine, black needles. 

Halfway between the Manning and the Barrus ledges, by the road- 
side, south of J. B. Taylor’s, much blasting has been done recently (1889) 
by Mr. Barrus for spodumene. It was proposed to export the mineral for the 
manufacture of lithium. The spodumene is abundant in poorly bounded 
crystals and coarse crystalline aggregates associated with little tourmaline, 


'A. A. Julien, Spodumene and its alterations: Annals N. Y. Acad Sci., Vol. I, p. 351. 
2A. A. Julien, ibid., p. 350. 
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garnet, and muscovite. The three localities last mentioned lie in a line, 
trending about N. 70° W., and may be parts of one vein. : 

A new locality discovered by me is in a pegmatite ledge a mile south 
of the Barrus ledge and overlooking Lily Pond. Here prismatic pseudo- 
morphs of coarse muscovite after spodumene, 2 inches long, occur in limited 
number. 


Ill. DIKES IN CHESTER, BLANDFORD, AND HUNTINGTON. 


The locality mentioned by E. Emmons’ as occurring a mile north of 
Chester village was stated by him to contain spodumene, smoky quartz, 
muscovite, cleavelandite, and indicolite. This ledge I was not able to 
find. Mr. A. A. Julien seems to have had better success, but to have 
found no spodumene there.” Not far from this locality the granite veins 
have furnished large and perfect manganesian garnets. 

Farther south, on the northeast line of Blandford, a very coarse peg- 
matite, much quarried for mica, quartz, and feldspar, the property of the 
Pontoosic Flint Mills (see page 322), has furnished beryls of great size, 
the largest as big as a powder keg, with large garnets. A granite in the 
churchyard in Blandford also carries beryl. Just south of the first house 
on the Westfield-Russell road after entering Russell the pegmatite abounds 
in manganesian garnets of large size and great perfection, which are found 
in every cabinet. 


IV. DIKES EAST OF THE CONNECTICUT. 


On the other side of the area the small pegmatite veins at the Monson 
quarry have furnished very fine beryls and many manganesian garnets. 
The finest bluish-white cleavelandite occurs in New Salem. In Northfield, 
where the Gulf road crosses the south line, large beryls occur in the peg- 
matite, and farther north, a mile west of the Moody homestead, is the inter- 
esting locality of columbite in a pegmatite vein in the mica-schists, and a 
mile north on the strike of the schists is a secondary vein of the fine 
radiate-foliate cleavelandite of very considerable size, exactly like the 
Goshen-Chesterfield schists, in which I could find no other minerals. 
Still farther north, on the strike and therefore in the same schists, is a 


1Am. Jour. Sci., Ist series, Vol. VIII, 1824, p. 243. 
2A, A. Julien, Spodumene and its alterations: Annals N. Y. Acad. Sci., Vol. I, p. 221. 
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pegmatite vein abounding in albite and spodumene and closely resembling 
the occurrence at the Manning farm, described above (see p. 326). This 
lies just across the north line of Northfield, near the house of M. A. Brown, 
on the Winchester road. | 


GARNET IN PEGMATITE WITH COMPLEX PARAMORPHIC BORDER OF ZOISITE- 
HEMATITE, EPIDOTE-FIBROLITE, AND MUSCOVITE. 


In the coarse muscovite-granite that occurs on the Gulf road in the 
southern part of Northfield and cuts the Goshen mica-schist which farther 
east becomes fibrolitic and is called the Brimfield schist, several interesting 
garnets have been recently discovered by Mr. C. H. Webster. (Pl. II, 
fig. 4.) They are nearly an inch across, of deep-red color and of trapezo- 
hedral form, with a narrow dark-red band surrounding them which is in 
places spotted with green. Outside this is an opaque white border, 3—7™ 
broad, which looks like saussurite. 

The garnet under the microscope is evenly cleaved and almost free 
from inclusions. There are a few rounded blebs of the quartz-muscovite 
mixture or of the zoisite-hematite mixture which is found in the border. 

This border layer is largely composed of zoisite in stout grains, which 
shows low polarization colors, high refraction, a divergence of optical axes 
of 45°, and is optically positive. The hematite is deep-red to black, and 
occupies regular and close cleavage fissures in the zoisite, often so regular 
as to recall the cross-section of a tabulate coral. This layer is joined to 
the garnet by a suture, which is very intricate, so that lobes of the two 
minerals penetrate deeply into each other and rounded biebs of the zoisite 
are cut off in the garnet. While thus intricately joined interiorly, the 
zoisite mixture forms exteriorly quite smooth crystal faces for the garnet. 

Outside this first layer is a delicate and very thin layer of green 
epidote, which folds into every irregularity of the last layer and extends 
continuously over all the surface of the latter and around all inclosed_por- 
tions of the same. It has rather moderate absorption and extinguishes in 
proper relation to the cleavages for epidote. The outer layer is a mass of 
muscovite blades felted with a fine-fibrous mass of fibrolite needles arranged 
in beautiful plumose and tufted groups in a general way radially to the 
surface of the garnet. 
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THE CRUSHING OF MINERALS IN THE ALBITIC GRANITE. 


In the summer of 1885 the pegmatite dike on Walnut Hill, in Hunt- 
ington, was reopened for me by Mr. Frank L. Nason. The spodumene 
crystals obtained were large—larger than most of those obtained previously. 
They were clear-gray, without the shade of flesh-color of those before 
obtained, and were covered with dendrites, which also penetrated every- 
where into the perfect cleavage. Several fine twins occurred, but for the 
most part they were not well terminated. The largest crystal was 28 by 
7% by 34 inches. The crystals bear abundant evidence of the violent 
pressure to which they have been subjected since their formation, several 
large, perfectly terminated crystals a foot long being several times obliquely 
sheared off and the parts slipped one-eighth to one-fourth of an inch and 
recemented; and the largest crystal, whose dimensions are given above, is 
broken across or sharply folded into ‘“‘monoclinal flexures” more than forty 
times. Other large crystals are bent over as much as 45° in a great curve, 
one sharply a full 90°, and without a crack.’ 

. The feldspar (microcline) occurs in masses as large as one’s head, often 
in part green. The cleavelandite is not distinguishable from that of Chester- 
field. ‘Tourmaline appears in large, rude, black crystals. Granular masses 
of honey-yellow manganesian garnet (intermixed with feldspar) as large as 
an ege have by their decomposition furnished the material for the abun- 
dant dendrites. These latter masses are at times punched into the great 
spodumenes as if these had been plastic as wax. 

There is in the collection at Amherst a crystal of tourmaline from the 
Clarke ledge, once figured by President Hitchcock,’ which is broken across 
fifteen times and the parts moved into a position en échelon and recemented 
by quartz, and I have a crystal of beryl from Huntington similarly affected. 


HYDROTHERMAL CHANGES IN THE ALBITIC GRANITE VEINS. 


Pseudomorphs.—Julien has described a most interesting series of pseudo- 
morphs in these dikes, produced by alkaline (mainly sodic) silicate solutions, 
by which spodumene is changed into cymatolite, killinite, albitic granite, 
muscovite, albite, and quartz, the lithia being replaced by the other 


1 For figures of these crystals see Minerological Lexicon, under ‘‘Spodumene”: Bull. U.S. Geol. 
Survey No. 126, 1895, p. 159. 
°K. Hitchcock, Geol. Mass., p. 702. 
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alkalies. Immediately afterwards Brush and Dana proved the cymatolite 
to be a mixture of albite and muscovite formed from the spodumene with 
the intervention of a lithia- nepheline (eucryptite), and made it probable 
that the killinite was mainly hydrated muscovite, and thus the series of 
pseudomorphs is reduced to one type, namely, spodumene changed to 
albitic granite, whereby, from the gradual suppression of any one or two of 
the constituents, forms made up of either quartz, mica, albite, or mica and 
albite result. Pseudomorphs a yard in length and nearly a foot across are 
made up of a coarse mixture in various proportions of albite, muscovite, 
and quartz, with manganese, garnet, zircon, beryl, etc., occasionally inter- 
posed, and we may add also microcline. 


ORDINARY METEORIC ALTERATION. 


By ordinary carbonated waters there has been a gradual removal of a part of the 
lithia and more soluble protoxides, almost universal, with the consequent effect upon 
the physical characteristics of the mineral shown by the loss of weight, luster, greenish 
color, and translucency. 

The zircons have absorbed water and lost part of their uranium, which has sep- 
arated as autunite, torbernite, and, by a further decomposition, uranocher. The 
garnets afford ocher and pyrolusite in dendritic films. 

The triphylite by absorption of water and higher oxidation of some constituents 
has assumed its present altered form, so that only rarely do small blue nuclei of the 
unaltered mineral remain. 

The spodumene and cymatolite both at last degenerate into clayey material, 
sometimes pink and allied to kaolin or montmorrillonite.! 

The kaolin beds at Blandford village illustrate on a large scale the 
results of the agencies described in the last section. Great beds of coarse 
granite in every stage of alteration are exposed in the diggings; in some 
parts the feldspars are only softened and made friable, in others they are 
pure soft kaolin, and the mica-schist which is tangled among the big veins 
is rotted to a soft, rusty earth. All the fissures in the altered mass are 
blackened by deposits of manganese oxide. It is quite certain that this 
deep-seated alteration of the granite is mainly pre-Glacial and owes its 
preservation to its position on the southeastern slope of the hill upon which 
the village is built. The material has been used extensively at Russell for 
the manufacture of brick of fine quality and tile, but recently the buildings 
have been destroyed by fire. 


1A. A, Julien, Spodumene and its alterations: Annals N. Y. Acad. Sci., Vol. I, p. 353. 


APLITE, QUARTZ-PORPHYRY, AND TONALITE. 331 


APLITE. 


Coarse pegmatite dikes are rare in the tonalite areas. Their place is 
taken by aplite dikes, which in many places are very abundant in the 
tonalite, but are always very narrow. ‘The rock is a fine-grained quartz- 
feldspar mixture, almost without hornblende or mica. Two miles north of 
Leyden Center a road runs west down to Green River. Following this 
road a half mile west, one reaches a place where it bends sharply south . 
around a projecting spur of rock. A dikelike mass which has in part the 
aspect of an aplite and in part that of a quartz-porphyry crosses the road at 
this point. It is 13 rods wide, and stands vertical in the Conway schist 
and strikes north with it. The dike ends in the bluffs to the south, but 
can be followed a long way north. It is a pale-gray, rather small- 
porphyritic rock, and is the only rock of this type in the area. I have 
sometimes thought it an exceptionally massive arkose-gneiss. 


QUARTZ-GABBRO AND QUARTZ-DIORITE, OR TONALITE. 


The syenite of President Hitchcock seems to me to have been origi- 
nally a quartz-diallage rock, but it is now for the larger part a hornblendic 
rock; indeed, west of the river the presence of diallage can only rarely be 
rendered certain. The low percentage of silica and the almost complete 
absence of orthoclase exclude it from the syenites. 


HISTORICAL. 
BASIC SECRETIONS: HITCHCOCK’S SUGGESTION OF THE THEORY OF “SCHLIEREN- 
GANGE.” 

In 1819 President Hitchcock mentions “‘syenite” as the prevalent rock 
along the Connecticut on the east side—a statement scarcely correct—and 
notes that the proportion of hornblende is rather small and that mica is 
often present. ‘‘Porphyritic syenite is common in this quarter and steatite 
occurs in its eastern part.” The first statement is afterwards retracted, and 
the second I can not explain.’ 

In 1823 the same author describes the rock more fully from its two 
localities, Whately and Belchertown. He notes first the interesting fact 
that in coming from the westward across Northampton ‘one passes over 
the most decided granite until he comes within 4 or 5 miles of the village. 


1 Geology of the Connecticut River: Am. Jour. Sci., Ist series, Vol. I, 1819, p. 106. 
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He will then find the texture of the rock to be finer, and in some instances 
it contains a portion’ of hornblende, while the proportion of quartz is dimin- 
ished somewhat and the feldspar frequently becomes red. Coming nearer 
Northampton, however, we find the hornblende more and more abundant 
until we arrive at the eastern edge of the range, where we find a rock 
containing little else than feldspar and hornblende.” 

He notes the abundant veins of granite in the brook 2 miles south of 
‘the church in Whately, and the many minute faults of the rock and its 
peculiar conglomerated character. ‘The rock here contains numerous 
embedded masses of other. primitive rocks, as gneiss, mica-slate, quartz, 
hornblende, and a finer kind of syenite, all almost uniformly rounded.” 

He mentions a third locality of syenite west of the road, a mile north 
of the village of Whately, associated with “greenstone-slate nearly allied 
to hornblende-slate, and unstratified primitive greenstone. It consists of 
nearly equal proportions of feldspar and hornblende—the former white 
and compact or very finely granular, entirely destitute of foliated structure 
or pearly luster.”’ A study of this rock in thin section shows it to be an 
amphibolite. ‘The white spots of supposed feldspar are parts of the finely 
granular ground mass, which are free from green hornblende, and it is not 
different from the other beds of amphibolite named above, with which it is 
associated. (See p. 191.) 

In the Reports of 1833° and 1835 an extended account. of the rock is 
given, which is reprinted almost verbatim in the Report of 1841,’ with the 
suppression of a single very suggestive theory. 

He describes the rock as a quaternary compound of feldspar, horn- 
blende, quartz, and mica. He describes the “‘conglomerated sienite” of 
Whately in detail: 

It is in fact a real conglomerate, and in some places the nodules are so numerous 
that it has very much the appearance of the coarse pudding-stones of the newer rocks. 
The nodules vary in size from the diameter of half an inch to that of 6 or 8 inches. 
They are not smoothed, like the pebbles in the more recent conglomerates, by mechan- 
ical attrition, but they appear like masses of rocks that have been partly melted down 
by heat. Upon the whole, I think I have ascertained the presence of hornblende- 


Slate, mica-slate, and quartz rock in these nodules. When the rock is broken they 
are knocked out without difficulty, like the pebbles of a common conglomerate. 


' Geology of Connecticut River: Am. Jour. Sci., 1st series, Vol. VI, p. 29. 
? Rept. Geology of Massachusetts, p. 463 
5Tbid., p. 668. 
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The inclusions may have been rounded by slow solution in the melted 
magma, this solution attacking corners and. edges most rapidly. That the 
inclosing rock is an igneous rock is certain from its microscopical character 
and its contact effect. That the pebble-like masses are true foreign “inclu- 
sions” does: seem probable from their lithological variety and difference 
from the inclosing rock. They closely resemble pebbles rounded by water, 
but so many cases of such inclusions rounded by melting (as granite in 
lamprophyre and quartz in various magmas) have been described that this 
may be the explanation." 

I am, however, more inclined to consider them secretions in the mass 
of the rock itself, as they seem to belong wholly to two types which occur 
commonly in this way. The one is a coarse, black hornblende-biotite 
aggregate, such as is often seen in small masses anywhere in the rock. 
Slides of this showed it to agree with these concretionary masses, and not 
with any amphibolite known as an independent rock in the region. The 
other is a fine-grained granite or eurite, like that so common in the veins 
that cut the rock abundantly. Both these rocks seem to have separated 
from the magma, to have been accumulated here in unusual amount, and 
to have been rounded by resorption according to the methods discussed 
in the articles cited above. 

The locality where these forms are found is at the upper dam at West 
Brook, on the north line of Hatfield. 

A third most interesting variety of the syenite is described as follows: 

Augitic syenite.—The presence of hornblende in this variety and the absence of 
mica have led me to call it augitic syenite rather than augitic granite, although in 
position it is associated with granite. There are two varieties. The first is com- 
posed of black hornblende, greenish augite, and yellowish feldspar, all the ingre- 
dients except the feldspar exhibiting a very distinct and lively crystallization. This 
variety occurs in the northern part of Belchertown. The other variety, which I 


have found only in bowlders in Amherst, consists of augite and feldspar, the former 
being so arranged in the latter as to present the appearance of letters.” 


He insists, further, on the low level occupied by the syenite in the 


valley and upon its columnar structure, and describes in considerable 
detail the segregated veins which occur so abundantly. He presents a 


1 See, for several citations, R. Pohlman, E1nschliisse von Granit in Lamprophyr: Neues Jahrbuch 
fiir Mineral, etc., 1888, II, p. 87, and note on page 92. 

*This 1s a contact modification of the amphibolite bordering the granite and is described on 
p. 243. 
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discussion of these last in the Report of 1833, suppressed in that of 1841, 
which, as he develops it, has some resemblance to the theory of ‘“schlie- 
renginge,” as developed by E. Reyer. 

The greater part of the veins in our syenite consists of material foreign to the 
nature of the rock and introduced subsequently to its original production. I do not 
say subsequently to its consolidation, for it has appeared to me possible that while a 
molten mass of rock—say syenite—was in an incipient state of refrigeration matter of 

.a Similar kind still more intensely heated might have been injected into it, so as to 
form veins. 

Other veins associated with faulting he refers to the filling of fissures 
formed in the solid rock. 

Under the head ‘Mineral contents” he refers a mineral crystallizing in 
four-sided prisms to rutile. It is allanite. He mentions quartz crystals 
and ‘“‘gashed quartz,” quartz ‘full of thin fissures, as if made by random 
cuts of a knife,” and explains it as due to the growth of quartz about some 
mineral now removed. This mineral was doubtless barite. The minerals 
of the Hatfield baryta mine are also enumerated. Under the head ‘Theo- 


retical conclusions” the hypothesis is advanced that ‘the syenite was formed. 


by the melting down of the hornblende-schist,” and in proof of this he pre- 
sents a rude diagram of the state of things at the north end of the syenite in 
Whately. In this diagram the syenite is represented as being succeeded to 
the north by hornblende-schist, the two being in contact and the bedding of 
the schist being continued in a rude stratification of the syenité. He adduces 
also the fact that the hornblende-schist on its western border, a mile north 
of the syenite, is massive, columnar, and feldspathic, and theorizes that there 
was here heat ‘‘sufficient for the production of feldspar, but not for its erys- 
tallization;” that with a greater degree of heat syenite would have been 
produced; with a still greater, the production of hornblende would have 
been impossible and granite would have resulted. 

The diagram and description of the relations of the syenite and the 
hornblende-schist in Whately are based upon a serious error of observation. 

The hornblende-schist which outcrops in great force north and south 
of the south line of Whately is toward the north separated by argillite from 
the broad band of hornblende-granite with which the diagram connects it. 

C. H. Hitchcock, in 1871,’ classed the rock as a Laurentian gneiss. 


1Explanation of geological map of United States, in Walling’s Atlas of Massachusetts, 
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It is put as an “exotic Montalban granite” on the “centennial map” of 
W. O. Crosby,' because it is micaceous as well as hornblendic and because 
it contains a center of true granite (according to President Hitchcock’s map 
of 1844) in the southwest corner of Belchertown—a groundless argument, 
since the granite in question is simply a great pegmatite dike which cuts 
the tonalite. 
DISTRIBUTION. 


On the west side of the river the rock commences in Whately, a short 
distance southwest of the village, where it is seen in contact with the 
Leyden argillite, producing a marked contact metamorphism (p. 205), and 
runs south in a long, bare ridge (‘The Rocks”), like a great dike, into 
Northampton, where it ends in Elizabeth Rock. It is 6 miles long and 2 
miles wide. East, west, and south broad areas of sands and sandstones 
separate it from its neighbors. To the west of its south end it grades 
into a great area of biotite-granite identical with itself except in the absence 
of hornblende. 

On the east side of the river a great squarish mass occupies the south- 
west portion of Belchertown, extending into Granby and Ludlow, its con- 
tacts, unfortunately, greatly obscured by the heavy post-Glacial sands. It 
is a great batholite and in many places strong contact metamorphism can 
be observed at its borders and in broad sheets of schists that float out in 
the center of the great mass. (See p. 243.) 

North from the northwest corner of the area of tonalite across Belcher- 
town and Pelham, and so on north in the foothills, is a line of outcrops 
of much crushed rock which seem at times like amphibolite shot through 
by many small aplite veins and at times like the tonalite. The Shays flint 
is a peculiar facies of this rock which resembles a petrosilex. As it runs 
along the western border of Mount Hygeia it is quite gneissoid, but appears 
in Leverett in typical development as a beautiful dark-green granitoid rock 
shot through with epidote veins. Also, going north from the northeast cor- 
ner of the Belchertown mass along the corresponding eastern foothills of 
the next valley to the east, across Prescott and New Salem, a similar line 
of tonalite outcrops occurs, ending with the great block of diorite on the 
north line of Prescott. These are both lines of strong faulting. and crushing. 


1 Report on a Geological Map of Massachusetts, p. 31. 
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ANALYSES OF TONALITE. 


Analyses of the tonalite were made in the laboratory of Amherst 
College (1) by William Orr, jr., and (2) by F. H. Fitts. A third (3) was 
made by L. G. Eakins, of the United States Geological Survey: 


Analyses of tonalite. 
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Analyses 1 and 2 were made from the same hand specimen of the 
slightly amethystine, fresh, medium-grained tonalite, which showed with 
the lens dark, bronzy diallage, and bright-green hornblende and amethys- 
tine quartz. The specimen came from just north of Three Rivers, in 
Belchertown. Analysis 3 was made from the beautiful epidotic-veined rock 
from the crossroads east of South Leverett, described on page 339, which 
was more altered than the others. 


PETROGRAPHICAL DESCRIPTION. 


Macroscopical—The rock is a wholly granitoid, medium- to fine-grained 
and very even-grained mixture of quartz, orthoclase (?), plagioclase, biotite, 
and hornblende, the latter being at times replaced by a dark-bronze dial- 
lage in the Belchertown area, a mineral which occurs very rarely in the 
Hatfield region. The passage of diallage into hornblende can be well 
observed, and reasons will be given below for the assumption that the rock 
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was originally erupted as a diallage-biotite-gabbro. It becomes aphanitic 
in places, but is never porphyritic or pegmatitic. It is a tough, compact 
rock not easily disintegrated, but weathering white. It is light-gray, often 
greenish, the two colored constituents rarely predominating, so as to give 
it a dark-gray shade, but often weathering so as to give it a greenish tint. 
In other cases the feldspar weathers red, and it always has a somewhat 
compact appearance, the cleavage hardly appearing. 

In the south of Belchertown a beautiful variety occurs abundantly. 
The quartz is amethystine, the diallage dark-bronze colored, the hornblende 
bright-green. Very generally the decomposition of the hornblende has 
furnished a large quantity of chlorite, which then gives a green shade to the 
rock. 

Microscopical—aA description of the quartz-gabbro from South Bel- 
chertown specimens will be given first, as the least altered: form of the rock. 
In thin sections the quartz shows fluid inclusions with moving bubbles. 
Long, fine, rigidly straight, opaque needles of rutile occur in great abun- 
dance, and are often divided into many widely and regularly separated parts, 
all perfectly aligned. The feldspar is nearly all triclinic, with extinction 
of adjacent bands at 12° to 14°. Orthoclase could not be proved to be 
present. The diallage is in separate, quite well-formed crystals of pale- 
green color, but so loaded with the customary red and black inclusions as 
to give it a deep-brown color. In sections parallel to oo P o (100) these 
are, in abundance, shape, and arrangement, exceedingly like the Labrador 


hypersthene, and the vertical striation is clearly developed. In sections 


parallel to «© P % (010) the red plates are not nearly so much shortened 
parallel to the vertical axis as in the hypersthene, and are so abundant 
as nearly to obscure the green color of the diallage. 

In one regular octagonal basal section, while the diallage cleavage is 
finely developed, and a cleavage less perfect and at right angles thereto 
is clearly seen, the prismatic cleavage is entirely wanting. In another 
twinned very clearly after the common pyroxene law, on «© P (100), 
all the three cleavages are developed, the » P «© (100) cleavage being 
much the best. The freshest of these crystals are surrounded by a narrow 
zone of green, rounded plates of hornblende, in which the black inclusions 


remain, but the red do not. 
MON XXIx——22 
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In other crystals this change has proceeded in every degree until the 
crystal becomes wholly changed to a fibrous hornblende (uralite), in which 
the black inclusions of the diallage still remain, and indeed appear often to 
be considerably increased at the expense, it would seem, either of the red 
inclusions or of the diallage itself, and to possess in the hornblende a very 
distinct zonal arrangement. Furthermore, the hornblende itself is in most 
cases changed more or less into an aggregate of rounded green scales of 
chlorite, but slightly dichroic, which has in many cases eaten into the 
center of the hornblende in great patches, in others has surrounded it in 
a regular layer. 

Finally, very peculiar and delicate plumose aggregations of elongate, 
round-ended scales of biotite are gathered in tufts at spots along the outside 
of the chlorite and attached to it, or a group of such tufts radiates from a 
center in which, in each case, remains of the green chlorite scales appear. 
The whole arrangement suggests very strongly the derivation of the biotite 
from the chloritic mineral parallel with the decomposition of the feldspar. 
In another case a flat patch of the green chlorite scales seems to change 
gradually into a mass of brown biotite scales, some of the small plates 
having the green color and weak pleochroism of chlorite at one end and the 
brown color and strong pleochroism of biotite at the other, and these latter 
pass into a single large biotite crystal, so that one can hardly avoid con- 
cluding that the biotite has been derived, in part at least, from the diallage 
through the hornblende and chlorite stages. The earliest stage may, of 
course, have been with diallage surrounded by biotite, and the change to 
chlorite may have proceeded both ways from the boundary. 

Many slides cut from various parts of the area show no remains of the 
diallage, but only the fibrous hornblende containing the zonally arranged 
black inclusions, and having chlorite and biotite arranged with regard to it 
exactly as in the slides where the diallage is present. We may thus con- 
clude that the diallage was once widely and abundantly present in the rock. 

Apatite occurs in exceptionally large crystals in the hornblende. 

To the above description of the pyroxenic varieties are added some 
special notes upon the commoner and more altered biotite amphibole granite, 
or tonalite, and upon one or two rare varieties. 

The quartz is everywhere distinctly subordinate to the feldspar, and 
molds the latter. At Elizabeth Rock, in the north of Northampton, it is 
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very full of cavities with moving bubbles, many of the cavities containing 
water and carbon dioxide and a moving bubble of the latter. 

The feldspar is uniformly very much more decomposed than the appear- 
ance of the rock would lead one to suspect. Sometimes the change is into 
kaolin, sometimes into muscovite. The change is always central, and at 
times a sharply defined diamond-shaped area of change occurs in a square 
crystal. This change is so general that it can only be determined that the 
feldspar is for the most part triclinic, with extinction at small angles. 

The hornblende is often twinned, and extinguishes at high angle— 
19°-21°. 

Epidote, in minute groups in the chlorite, and titanite are abundant in 
the Whately bed. 

Allanite is frequent, especially in the Hatfield bed, in crystals visible to 
the eye, and surrounded by the peculiar radiate puckering or splintery 
fracture common around this mineral. Under the microscope it is at times 
surrounded by epidote. 

In the Hatfield mass the biotite is subordinate and the rock agrees 
exactly with the tonalite of the Tyrol. In Belchertown it is more biotitic. 
In the latter area, in the region around Three Rivers, the quartz is ame- 
thystine and contrasts beautifully with the green diallage. This variety 
shows under the microscope a beautiful granophyre structure. Farther east, 
in South Belchertown, large bowlders on the railroad show a coarsely por- 
phyritic development of the biotite, each of the large scales being surrounded 
by a white border, and the quartz in this variety is violet, like the pre-Cam- 
brian gneiss in the western portion of the State. 


THE CRUSHING AND ALTERATION OF THE TONALITE ALONG THE PELHAM 
FAULT. 


The outcrops of the tonalite which appear in the line of the great fault 
at the foot of the eastern plateau from Belchertown to Leverett are greatly 
altered by the movements which have taken place along that line. Follow- 
ing the road west from South Leverett to the point where an unused road 
goes east to the old cemetery, one finds a large outcrop of a beautiful dark- 
green chloritic tonalite, in which the reddish feldspar contrasts finely with 
the dark hornblende, and the contrast is heightened by a network of fine, 
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dark-green, epidotic quartz veins. Between this and the Monson gneiss to 
the east the lower coarse mica-schist crops out. In thin section the feld- 
spars are largely triclinic, and the constituents are larger and clearer than 
elsewhere in the series, but much crushed. The epidotes are especially 
large and well crystallized. Titanite, which is not wanting in the other 
sections, is especially abundant here. An analysis of this rock is given on 
page 336. 

The band is covered by heavy sands across Shutesbury, but reappears 
at ‘Mount Boreas,” above Pratts Corner, and a mile east of the pond a mile 
south of South Leverett. The western half of the hill is made up of the 
whetstone-schist, so crushed that dip and strike can be determined with 
difficulty, and the eastern slope by an equally crushed quartzose amphibolite, 
while below, by the stream, is a tonalite which is somewhat gneissoid, and 
is doubtless the continuation of the ornate rock mentioned above, though 
from the greater amount and the colorlessness of the quartz and feldspar it 
has not its attractive appearance. This rock continues across Pelham in a 
narrow band resting in the foothills against the older gneiss and separated 
by a broad area of sands from the feldspathic mica-schist of the center of 
Amherst. It is a highly hornblendic granitoid gneiss, much intersected by 
epidotic quartz veins and often very chloritic. 

The large mass of leek-green hornstone known locally as Shay’s flint, 
from the tradition that it was used for flints during Shay’s rebellion, was 
found on Amethyst Brook, in Pelham, just where this band crosses it. It 
was a bowlder, and its origin was unknown. Some years ago I found 
the same material in place where the band of hornblende-gneiss (altered 
tonalite) crosses the south line of Pelham. It forms beds in the latter 
sometimes as much as 20 feet thick, and at times crosses the bedding. It 
is a cryptocrystalline quartz, colored green by chlorite derived from the 
decomposing hornblende of the granite, passing from green to flesh color 
and weathering white and grading into ordinary gneiss, and it is a result 
of the thorough crushing and silicification to which the rock has been sub- 
jected. The veins colored by epidote are not essentially different from 
these, though they do not reach such large dimensions, and where the 
fissure is not entirely filled they show beautiful plane, polished surfaces of 


'For the history of the rock, which has been called plasma, prase, and green hornstone, see 
under ‘‘ Quartz,” in A mineralogical lexicon: Bull. U. 8. Geol. Survey No. 126, 1895, p. 135. 
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the chalcedonic quartz, colored a light pistachio-green by epidote. These 
surfaces are not ‘‘slickensides,” but are as if varnished, and are caused by 
the crystallization of the fine-grained material. They are analogous to the 
smooth surface of botryoidal chalcedony or limonite. 

A similar petrosiliceous variety occurs in Whately—a pale leek-green, 
subgranular mass, of hornstone-like appearance, with a few crushed mus- 
covite plates. It shows no biotite or quartz. The luster is generally dull, 
but here and there the sheen of a feldspar cleavage appears, and this 
always shows triclinic striation. It appears at the Hatfield lead mine 
in thin layers on fissures. (XVIII, No. 57, in Massachusetts Survey 
Collection.) 


PETROGRAPHICAL DESCRIPTION OF THE ALTERED TONALITES. 


‘‘Shay’s flint,” Pelham, the typical rock. Under the microscope this 
shows a regularly mottled aggregate polarization which has some resem- 
blance to clastic structure, but more to that of agate or chemically deposited 
quartz; and as it resembles exactly the purer parts and the veins of the 
same hornstone from Pelham, in situ, I have no doubt that it is chemically 
deposited silica, rendered impure by kaolin and a little green chlorite. It 
is in large part apolar, and therefore opal. 

Tonalite, Pelham, west line north of 8. Jewett’s. Dark hornblende 
abundant, feldspar flesh-colored. In section very feldspathic, the feldspars 
(mostly triclinic) greatly kaolinized; all constituents reach the extreme of 
crushing—the hornblendes opened along cleavage planes; the feldspars 
crushed and parts moved; the twin striation greatly twisted, and the 
undulatory extinction greatly obscuring the twinning; hornblende shows 
c=green, bh=olive, a=yellow; c—t>x. 

Green hornstone, like “Shay’s flint,” from locality where first found 
by me in place in Pelham, at 8. Jewett’s. This is a quartz mass, filled with 
scales like kaolin, which are opaque by transmitted and white by reflected 
light, and permeated by veins which have the same scattered scales. It 
resembles exactly, both with and without polarized light, the true ‘““Shay’s 
flint.” Some slides show a beautiful microbrecciation from crushing. They 
contain magnetite and a little green chlorite. Under the polarizer there 
appear now and then larger, rounded, transparent grains, which may be 
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the original quartz grains. The structure seems, however, in general much 
more like that of agate. It contains much opal. 

Pelham, south line, 40 rods east of western-road. A coarse, schistose, 
hornblende-gneiss; coarse, wavy cleavage surfaces of hornblende make up 
foliation faces, luster-mottled by rounded grains of fresh white feldspar, in 
which cleavage is feebly developed. In section the hornblende is in large, 
fresh plates, exactly like the few developed in the section last described; it 
shows deep colors, weak pleochroism, and is much cracked and twisted by 
pressure. The feldspar is very fresh, and shows a great variety of triclinic 
striation—very broad to very narrow bands with perfectly parallel sides, 
and tapering, interrupted, and offset bands; also bands wavy and contorted 
by pressure and associated undulatory extinction. In one crystal, cut at 
right angles to 0 P (001), all the laws of twinning are beautifully developed. 

Belchertown, northwest corner, 40 rods east of R. Thayer's. A green 
granitoid rock of medium grain, mottled with flesh-red from decomposed 
feldspar; distinctly foliated. In section broad hornblendes much crushed, 
feldspars crushed, showing undulatory extinction, much kaolinized, many 
triclinic, with small extinction angle; much chlorite and epidote, the latter 
often with distinct crystal faces externally, but with rounded zonal struc- 
ture internally, the spherical center extinguishing first and then successive 
zones in order to the surface, with revolution of 17°. 

A little farther south, on same band, north of house of A. Goodale, the 
wholly crushed and altered rock is hornstone-like, with a dull mottling of 
greenish and flesh color. In section the bisilicate is almost wholly removed, 
and the quartz-plagioclase mass is wholly crushed, with wavy extinction 
and twisted twin lamin. This is the south end of the ‘‘Shay’s flint” band. 
Followed 40 rods east, its contact on Pelham gneiss is seen. There is a 
hornblende-biotite-gneiss for a rod at the contact, and the Pelham gneiss 
is full of granite dikes. 


DIORITE. 


North Prescott and New Salem —A great oval area of diorite, 3 miles 
long from north to south and about a mile wide, lies across the line sepa- 
rating the above towns. It is a resistant rock, and makes the whole of 
Packards Mountain in the latter town. .It is surrounded on all sides by 
the gneissoid quartzites, which dip uniformly to the west, undisturbed by 
the intrusive rock. On all sides as one approaches the mass the quartzite 
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grows more gneissoid from contact influence, but this is not marked. The 
rock is normally dark-gray or nearly black, with a shade of brown, and 
seems at first sight to be fine-grained; but when held to the light it is seen 
to be made up of squarish surfaces, from a half to three-fourths of an inch 
across, of jet-black to dark-green hornblende, very beautifully luster- 
mottled by fresh, white, striate, broad lath-shaped plagioclases, and show- 
ing rarely a grain of quartz, garnet, or a black ore. 

It is in places bedded, and on the west, in the hill above Cooleyville, 
one traces the amphibolite into immediate proximity to the diorite, where 
it is thickened unusually, is massive, and greatly resembles the diorite. 
It may be a compacted and altered ash bed, associated with the eruptive 
rock. In the southwest portion of the mass, near A. Pierce’s, in Prescott 
Hollow, the diorite is a coarse, white, feldspathic, slightly saussuritic rock, 
with only small, distant patches of a dark silicate, now changed to a mixture 
of actinolite and biotite. 

The freshest material for microscopical study was obtained from a 
great bowlder on the north side of the road west from Prescott Center, near 
the last house in the village. (See Pl. III, fig. 3.) It presents a very 
attractive appearance under the microscope. A portion of a single horn- 
blende crystal occupies the whole field, notched by the regular crystals of 
feldspar, which run in every direction. It shows a maximum extinction 
angle of 22°, and is therefore near labradorite. It is quite fresh, and full 
of acicular needles. 

The hornblende is deep-green, extinction 20°, with slight pleochroism, 
c=b <x; c=blue, h=olive-green, a= yellow. 

It is dusted full of a very fine black powder, in bands more or less 
dense, parallel to the cleavage, rendering wholly opaque the central parts 
of the lobes, into which the crystal is divided by the feldspars, while it 
shades off toward the border, where it is still more densely accumulated 
in a broad band bordering the feldspars. In places the central portions 
of the lobes are crowded by red-brown scales, placed largely at right 
angles to the bedding and resembling those found in bronzite. Cleavage 
pieces of the hornblende measured with the reflecting goniometer gave 
124° 30’. Rarely a large pale-green pyroxene appears, with a border 
of hornblende; and menaccanite and red-brown rutile, with fine leucoxene 
borders, are present. 
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In other slides, from near H. Winter’s, the rock is greatly decomposed, 
the feldspars are mostly kaolinized, the hornblende is broken up into a 
network of actinolite and biotite, and only disconnected patches of the 
black opacite remain. Secondary quartz and calcite appear. One feld- 
spar was shown, by the position of the optical axes, to be orthoclase. 
Here, and in sections from the south border, the plagioclase shows fine 
undulatory extinction. In the coarse white variety from A. Pierce’s the 
feldspar is full of muscovite and the dark silicate is changed to an actino- 
lite, with very strong transverse fissures. One feldspar, cut parallel to 
M (« P &), showed extinction —35°-36°, with edge P M, indicating 
anorthite. 

In fissures in the diorite beside the road near the old cemetery a large 
quantity of pure-white radiated prehnite occurred. It was proved, optic- 
ally and by measurements under the microscope as well as . blowpipe 
tests, to belong to this species.’ 

Leverett Center—North and south of the road east from this place to 
the point where this road turns south are outcrops of a massive rock which, 
although greatly decomposed, gives every indication of having been a 
diorite of the same type as that last described. With the lens the rock 
is seen to be composed of saussuritic feldspar and coarsely cleavable 
black hornblende, arranged with the texture of a gabbro. The feldspar is 
often included in separate grains in the hornblende, or rarely in pyroxene. 
Its feldspars are generally wholly kaolinized, but their shape and arrange- 
ment are exactly those of the Prescott rock. They show extinction of 12° 
to 25°. The intervening hornblende is mostly changed into a matted 
mass of actinolite needles of weak pleochroism, or changed to serpentine, 
but does at times polarize together over a considerable area, and shows 
large patches of the black opacite, exactly as does the altered portion of 
the Prescott diorite. Masses of menaccanite surrounded by leucoxene 
are especially abundant, and the apatites are unusually large, 0.12™™ across 
by 0.37" long. The rock presents both the varieties described under 
the Prescott rock. Owing to the drift covering, its extent and relations 
can not be well made out. 


‘See under ‘‘Prehnite,” in A mineralogical lexicon: Bull. U. 8. Geol. Survey No. 126, 1895. 
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An analysis of this rock from opposite a house of gothic architecture 
east of Leverett is given below. It was made by Mr. L. G. Eakins: 


Analysis of diorite from Leverett. 
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A wholly exceptional band of diorite occurs at the top of the whetstone 
in the hill west of A. Adams’s, in the south of Leverett, and is continued to 
the west of the north end of the “ Flat Hills” road in the northeast corner 
of Amherst. It is here, in a bed 325 feet wide, a dark, tough, massive 
diorite, much decomposed and associated with siliceous limestone. 

Some of the amphibolites described in Chapter X as of doubtful origin 
may he altered diabases or diorites, and thus belong here. 


GARNET-BIOTITE-NORITE. 


The rock appears in a single isolated outcrop in the roadside near 
G. Peffer’s house, in the village of Parksville, in Brimfield. It is a fresh, 
dark olive-green rock of granitic texture and slightly above medium grain. 
Large grains of deep-red garnet are quite abundant, and here and there 
a group of black biotite scales appears, often crumpled. Many shining 
cleavage surfaces of the feldspar occur which do not show striation, though 
the microscope shows all or nearly all of these grains to be multiple- 
twinned. 

The microscope shows the field to be almost wholly made up of a coarse, 
entirely fresh mosaic of xenomorphic and equidimensional feldspar, which 
has all the optical properties of a labradorite (Al, An,), with broad twinning 
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bands sometimes wanting or extending only a little way in, as if the rock 
were but slightly affected by pressure. It is sometimes crowded with fine 
black needles parallel to the axis c and with swarms of brightly polarizing 
orains. 

The garnet is fresh, without inclusions or polarization, and partly idio- 
morphic. 

The biotite is in aggregates of long, brown blades, with the usual very 
strong absorption, sometimes accompanied by fine radiating wisps of mus- 
covite. It is usually also associated with hypersthene, which is in stout 
prisms, often showing the flat end faces. It is pale-green. without inclusions, 
and shows, ¢ = ultramarine, b = reddish yellow, a = deep salmon color. 
Some crystals are altered at one end into a green, negative, micaceous 
mineral and change at the other into a brown-red serpentine. 

The dark-colored constituents form a very small portion of the rock. 
The outlines of this occurrence can not be made out as it rises through the 
sands of a post-Glacial lake. It is one of a series of isolated stocks of 
highly basic rocks, all very fresh and interesting for microscopical study, 
which run north near the eastern border of the map, but mostly outside its 
limits in Worcester County, including picrite, olivine-gabbro, and webhrlite. 


CORTLANDITE. 


A single great mass of a brownish-black rock closely comparable to 
one of the commonest types of the Cortland series occurs in the center of 
the great tonalite area in the southwest corner of Belchertown, near D. 
Griffin’s. It is a hornblende-pyroxene-biotite-peridotite. The most strik- 
ing peculiarity of the rock is that at times it breaks up into angular blocks 
with so great regularity that the fragments form rude rhombic dodecahedra 
with faces about 2 inches across, and the surfaces of these blocks are cov- 
ered with a thin layer of brown-red biotite scales, approximately parallel 
and luster-mottled by grains of an emerald-green pyroxene. This pecu- 
liarity is still more strikingly illustrated in the Cortland rock, and the 
structure seems to replace a primary one, as in the deeper and fresher por- 
tions of the rock the biotite is seen to be gradually encroaching on broad 
surfaces of a dark hornblende which is finely luster-mottled with abundant 
rounded grains of olivine and pyroxene. 

In the freshest slides the pale-brown, faintly pleochroic hornblende is 
luster-mottled by rounded masses of olivine and more angular pyroxene of 
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light color, strong prismatic cleavage and abundant twinning. The broad 
hornblende surfaces are also replaced by an aggregate of the pyroxene 
grains, and thus passes into the second type of the series. The normal 
decomposition is into tale, and broad bands centrally blackened by mag- 
netite grains pass through the olivine and pyroxene alike. 

The relation of the luster-mottled hornblende to the biotite is legs clear. 
It seems at first sight to be a superficial change, and the mica, now green 
and now brown, is developed in the cleavage planes of the hornblende. 
But as it is luster-mottled by all the other minerals with fresh borders, it 
was quite certainly formed originally by some change in conditions of 
cooling, and simultaneously with the hornblende. Perhaps it is to be looked 
at as a contact-metamorphic effect, brought about by the introduction of 
fluorine from without. There is associated with the normal rock a massive, 
friable, granular rock, made up of fibrous hornblende and bright emerald- 
green pyroxene, like that found on the western border of the hornblende- 
granite. Enstatite occurs but rarely. Calcite is quite common, as soon as 
change sets in. Feldspar is wholly wanting. 

An analysis of the finer-grained and fresher portion of the mass was 


made by Mr. L. G. Eakins: 


Analysis of cortlandite from Belchertown. 
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AGE OF THE GRANITES. 


The tonalite cuts the Leyden argillite, one of our newest rocks, in 
Hatfield. ‘A porphyritic and a common granite dike cut the samé argillite 
on the north line of the State, and 3 miles south quartz-muscovite veins in 
the Bernardston Devonian limestone seem to me to be the outermost fila- 
ments of the same granitic intrusion. The pegmatite cuts the tonalite. On 
the other hand, the way in which the dikes are intruded between the layers 
of the vertical schists would indicate that this intrusion occurred after their — 
upfolding, while the way in which the tourmalines are broken in pieces and 
the great spodumene crystals are bent and many times fractured and 
faulted would indicate that some part of the folding has been done since 
they reached their present position. We may, then, consider the tonalite 
to be the oldest, the pegmatite and cortlandite the newest, and the whole 
series as of late Devonian or Carboniferous age. ‘The porphyritic granitite 
seems to be older and to have been influenced more by the upfolding of the 
region, and the Hardwick granite is still older, as it is cut by the porphy- 
ritic granite of Coys Hill. 


RESUME AS TO THE GENETIC RELATIONS OF THE GRANITES. 


The two great masses of tonalite were the cores of two batholites, which 
came up at points on the two faults which border the great Connecticut 
River depression. 

From the northeast and northwest corners of the Belchertown mass 
extend the eastern Connecticut and the Swift River fault lines, along which 
narrow dikes and patches of the tonalite occur far to the north. 

Unlike the above, the Hatfield tonalite is bordered outwardly in its 
western half by biotite-granite (granitite) and biotite-muscovite-granite, 
and then both are much cut up by later pegmatite dikes in several genera- 
tions, which extend out into the surrounding country in a broad aureole, 
within and beyond which the schist is greatly impregnated with quartz and 
considerably more metamorphosed than outside their influence. 

Toward the periphery the granite dikes carry rare minerals in great 
abundance and beauty, and these show two modes of occurrence. Beryl 
and large manganese-garnets occur irregularly in the muscovite-granite 
dikes of very coarse grain. Albite, tourmaline, and the minerals of the 
rare earths occur in secondary dikes of most puzzling character in the main 
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pegmatite dikes. The circumstances under which a crystal of spodumene 
a yard long and a foot thick could form in a great granite dike and then 
be replaced by albitic granite containing zircon, garnet, and beryl are difti- 
cult to imagine. It is, perhaps, possible to suppose that the latter minerals 
were included in the original crystal, and then the change by the action of 
heated alkaline solutions as made out by the authors cited above (p. 344ff) 
seems satisfactory for the explanation of the main change into albitic granite. 

It seems to me that the succession made out above—(1) tonalite and 
granitite, (2) pegmatite, (3) albitic granite—was essentially a series of 
eruptions in which mineralizers took a gradually increasing part, and that 
aqueous agency proper began with the formation of cymatolite and the 
other remarkable pseudomorphs and the quartz veins. 


CONTACT EFFECTS OF THE ERUPTIVE ROCKS. 


These rocks penetrate highly crystalline schists and gneisses, and in 
general the contact effects are not marked. On the west side of the valley 
the complex spangled structure of the Conway schists disappears, the trans- 
verse biotite and garnets are wanting, and the rock is coarser-grained and 
feldspathic. On the east side it becomes a coarse fibrolite-gneiss. In the 
amphibolites and argillites the changes are more interesting. The broad 
band of chiastolite-schists derived from the Leyden argillite is described in 
connection with the description of these rocks. The others are discussed 
also in connection with the less altered rocks with which they are asso- 
ciated and from which they have been derived, as the purpose of this study 
has been to determine the sequence and proper association of the crystalline 
schists. 

Around the border of the Belchertown tonalite, and to a less extent 
around the Hatfield area, are dark-green, friable, granular pyroxene rocks, 
which represent, apparently, an effect of contact metamorphism. (See p. 
243.) Near the western border of the former mass, back of the house of 
T. 8. Haskel, the rock appears near a great dike of pegmatite. 

Also across the river, near the north end of the western exposure of the 
tonalite, occurs a biotite- and pyroxene-bearing rock, greenish-black and 
somewhat above medium grain. Abundant large scales of biotite give it 
a shining appearance, and the green granular pyroxene is often visible, 
and the microscope shows the finest regular cross-sections, with well- 
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developed pinacoidal and prismatic cleavages, often twinned three and four 
fold after the usual law. 

At the eastern foot of “The Rocks,” in Hatfield, 400 feet west of D. 
Glasner’s, there occurs a limited amount of a peculiar contact product of the 
tonalite. It is a compact, quartzlike, massive rock, red, mottled with green. 
The reddish parts are a granular quartz mass, full of small red garnets; the 
green parts are patches of a pale-green hornblende, with grains of magnetite, 
and crystallizing so as to include many grains of the other constituents. 

Under the microscope the quartz is full of sheets of granitic fluid 
cavities, rarely with moving bubbles, and is without microlites. Feldspar 
is represented by opaque white grains, changed wholly into a parallel 
fibrous mass of scales of muscovite. Garnet is in bright yellowish-red clus- 
tered grains. Tbe hornblende often contains remnants of a pale-green, non- 
dichroic pyroxene, extinction 37°, and showing basal cleavage. Beautiful 
tourmaline erystals appear, which are strongly dichroic, violet to black, 
several transparent and colorless, but with black heads, the rest colorless. 

The fibrous hornblende runs through the mass in parallel elongate 
rods, so as to strongly recall a scolithus quartzite in which the tubes had 
been filled with actinolite. This is now mostly changed to a mixture of 
serpentine and calcite, which effervesces strongly with acid and leaves 
behind a fibrous white mass resembling tremolite, whica seems tobe fibrous 
quartz. 

An entirely similar rock occurs in Amherst at the north end of Pros- 
pect street, on the hillside east of North Amherst, and just north of South 
Amherst. At the first-named locality it is filled with bright spangles of 
graphite, and in all the other places it is associated with the highly meta- 
morphosed and granite-soaked schists and appears to be a metamorphic 
rock, and in the Hatfield occurrence it may also be a result of contact 
metamorphism. I hoped for a long time to be able to prove it to contain 
scolithus. 

It seems to have been formed as a contact product of one of the beds 
of limestone that occur in the Conway schists. 


OoeN halal ae oF 
(PADS PRLAS, 


THE CONNECTICUT RIVER SANDSTONE! 


The Connecticut River sandstones extend northward from the Sound, 
with a width of about 20 miles across Connecticut and Massachusetts to 
Northampton; there they contract to about 6 miles, and continue north 
with this width to Bernardston, where they contract to a mile in width, and 
soon end just north of the village of Northfield. 

‘Their western boundary is everywhere coincident with the foot of 
the bluff of crystalline rocks bordering the valley, and the same is true 
of the eastern border from the south line of the State northward to the 
Belchertown ponds. In this—the larger portion of their boundary—the 
sandstones never extended much beyond their present limits, and show 
everywhere shore conglomerates resting against the schists and granites on 
which they were deposited. 

In the remainder of the eastern boundary, from the ponds north to 
Mount Toby, the boundary of the sandstones has been carried by erosion 
far west from the old shore line—the line of the bluffs in Pelham bordering 
the valley on the east. From Mount Toby to the north line of the State 
the extremely coarse conglomerates which form the present eastern portion 
of the Trias must represent quite accurately the original eastern shore line, 
and the deep depression which now separates these bluffs of conglomerate 
from the escarpment of gneiss that forms the true border of the valley may 
have been in large part produced by the erosion of Paleozoic schists which 
crop out from beneath the Trias and occupy the bottom of this depression. 
This is the more probable since this coarse conglomerate is made up wholly 


1The name Newark was proposed by Prof. I. C. Russell in 1889 for the Triassic of the Atlantic 
Coast. Prof. C. H. Hitchcock supported the name “ The Connecticut Sandstone Group” in Science, 
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of these schists and argillites, and if it had extended across this depression 
ti would have covered the beds from which it must have derived its © 
material. It would then have had the gneiss for its shore country, and the 
gneiss must have supplied a large part of its mass. . On the contrary, these 
Pelham biotite-gneisses seem wholly wanting in the Mount Toby conglom- 
erates, from which I conclude not only that the schists and argillites then 
filled this depression and furnished the conglomerates a border nearly on 
the present boundary of the latter, but that they then mantled eastward 
over the gneiss. This demands an unexpected amount of erosion during 
and since the Trias. 

‘The artesian wells that have been bored along the line of the Connecti- 
cut with depths from 600 to 3,700 feet have never reached the bottom of 
the sandstone. (See p. 380.) If we add to this the height of the crystal- 
line walls of the valley above the Connecticut, I think we may estimate the 
present depth of the Triassic trough at somewhat above a mile. Indeed, I 
shall show that the major portion of the material of the Triassic beds came 
from the immediate borders of the basin, and would thus add another con- 
siderable but unknown quantity to the maximum depth of this long and 
narrow trough. I think the maximum thickness of the Triassic beds therein, 
restoring the post-Triassic and especially the Glacial erosion, must have 
been considerably more than a mile. 

I have elsewhere (see p. 13) discussed the system of faults bounding 
the block, or group of blocks, whose sinking formed this Yosemite-like 
Triassic valley, or “graben,” to use the nomenclature of Eduard Suess,! and 
their outer boundary can be closely followed on the new four-sheet map of 
Massachusetts by tracing the 500-foot contour line at the foot of the escarp- 
ment east and west of the Connecticut, though the fault lines lie generally 
a little lower—that is, nearer the river. 

If this line be followed from the north line of the State just east of the 
Connecticut to the Belchertown ponds, and another line be drawn down 
the Connecticut to the mouth of Millers River and south to Mount Tom, it 
will include a long quadrangular area having its base at the northern foot 
of the Holyoke Range, which area was once deeply covered by the Trias, 
but has now been for the most part denuded of this covering. Over this 
area the crystalline substratum of the valley stands everywhere about 300 


1B, Suess, Das Antlitz der Erde, p. 166. 
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feet above sea level, instead of 4,000 feet below, as in the remainder of the 
basin. This I call the Amherst area. Just west of this area, from Turners 
Falls to Northampton, and south of it across Hampden County, this sub- 
stratum has not been reached by borings from 600 to 3,700 feet. On this 
elevated substratum rest the great conglomerate masses of Mount Toby 
and Gill, rising several hundred feet above the adjacent plateau area on 
the east, from which they must have received their material. 

It seems to me probable that this block, bounded by the Leverett fault 
on the east, the Mount Tom-Northfield fault on the west, and the Mount 
Holyoke faults on the south, has experienced a later movement of elevation 
in opposition to the prevailing sinking of the valley blocks, and that this 
explains its present elevation and the present height of Mount Toby. 

This eastern border fault follows the line taken by the railroad east of 
Mount Toby; and on the east of the railroad the conglomerates occur at 
the railroad level, while on the west of the railroad the junction of the 
conglomerate on the old quartzites below is about 50 feet above the rail- 
road; so the upthrow of the conglomerate along its eastern edge by this 
one fault must be 50 and may be nearly 100 feet. 

The upthrow of the Mount Toby block on its western edge is also 
made probable by the following considerations: 

The great Northfield fault, continuing south from the mouth of Millers 
River, seems to pass beneath the Connecticut between Mount Toby and 
Sugar Loaf. The flat top of Sugar Loaf in this exposed place seems to be 
due to the fact that the Deerfield trap sheet formerly capped it and has 
been removed by erosion (probably near the end of the Glacial period) so 
recently that the mesa form remains. The dip of the trap sheet in Mount 
Toby is 15° E., and its distance from Sugar Loaf is 5,610 feet. With this 
dip it would be carried over Sugar Loaf, 936 feet above its summit. But 
the dip in Sugar Loaf is 8° E., and, allowing the dip to change at the 
fault, that is, about midway between the present trap outcrop and the mesa 
top, the height of the trap sheet over Sugar Loaf, if there were no fault- 
ing, would be 575 feet, and this latter number would be near the true 


amount of the upthrow on the east side of the fault. 
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GENERAL SECTION OF TRIASSIC ROCKS. 


The Triassic rocks have been divided by the author in an earlier pub- 
lication! as follows: ; 

1. The Sugar Loaf arkose; or the sandstone and conglomerate made 
up of the débris of granite. 

2. The Mount Toby conglomerate; or the coarse conglomerate made 
up of large schist and quartzite pebbles. 

These two numbers are, speaking generally, the west and east shore 
deposits. 

3. The Longmeadow brownstone; or the red sandstone generally 
marked by so-called fucoidal forms, which are probably concretions. 

4. The Chicopee shale; or the calcareous red shale. 

These two are the offshore and central beds of the series. 

5. The Granby tuff; or the diabase-tuff. 

6. The Holyoke and Deerfield diabase beds. 

7. The Black rock volcanic necks and the posterior diabase beds. 

The last three distinctions cover the fragmental, interbedded, and intru- 
sive occurrences of the diabase, respectively; except that the posterior sheet 
is placed with the injected necks, with one of which it is directly connected. 


THE SUGAR LOAF ARKOSE OR THE FELDSPATHIC SANDSTONE AND 
CONGLOMERATE. 

This most persistent and abundant rock is a coarse, buff arkose made 
up largely of the slightly rounded and slightly weathered débris of a 
muscovitic granite. The average grain is about an eighth to a third of an 
inch, so that in a region of fine-grained rocks it would be called a conglom- 
erate. It is slightly cemented by iron. It grades in one direction into 
a medium-grained, buff, micaceous sandstone, more commonly through 
coarse, pebbly arkose into a coarse conglomerate, in which the mass of the 
rock is the same coarse, unworn granitic débris and the larger constituents 
are large rounded pebbles—of granite when the rocks of the adjacent shore 
are granite. It is at times whitened over broad areas by the removal of 
the iron cement by organic agencies and the complete kaolinization of its 
feldspars to great depths. The red rock is first spotted with green from 
the reduction of the iron oxide, and then whitens as the protoxide salt is 
removed by solution. 


-10n the Triassic in Massachusetts: Bull. Geol. Soc. America, Vol II, 1891, p. 451. 
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Offshore the rock is well but coarsely bedded; cross-bedding and 
coarse rippling are often well marked; bands of comminuted coaly matter 
from rotted and disintegrated wood occur; but all signs of abandonment 
by the water, as mud-cracks, tracks, etc., are wanting. It occupies a broad 
band commencing at the north end and running down the west side of 
the valley, and expands to occupy the full width of the valley centrally 
across nearly the whole of Hampshire County. South of Mount Holyoke 
it branches, and across Hampden County occupies the east and west sides 
of the basin in broad bands. 


CONTACT AND DISTRIBUTION. 


Along the western side of the valley the contact of the shore beds 
and the schists is first seen in Bernardston, in the brook gulch just south of 
the Devonian limestone, and in the same pasture. Here there is a thin 
remnant of the conglomerate resting on the basset edges of the Devonian 
quartzite and mica-schist, and it is made up of a coarse red sandstone, full 
of large angular fragments of the rocks on which it rests. There is here 
scarcely more than a single layer of pebbles cemented to the edges of the 
schist. . 

On Fox Brook south of the road over West Mountain, in Bernards- 
ton, the very coarse arkose can be seen almost in contact with the schists, 
showing that almost from the beginning the strong northward tidal currents 
carried their granitic material even into this far northern portion of the 
basin. Skirting the base of the great argillite block of Leyden, south 
and west, the contact is everywhere covered until Leyden Glen, in the 
northwest corner of Greenfield, is reached. Here is a brook gorge of great 
natural beauty, affording an opportunity to study the extreme contortion of 
the argillite, as well as to see the contact of the Triassic beds upon the 
latter, the whole dissected out most beautifully by the erosion of three 
brooks. Just below the dam of a burnt mill, on the east side of the main 
brook, a small stream comes down over the argillite, here flat-bedded, with 
strike N. 10° E., dip 90°, and has cut through a basal stratum of the Trias, 
which is plastered against the argillite, the plane of contact dipping 45°. 
The stratum is here made up of subangular masses, nearly an inch across, 
of the vein quartz derived from the argillite, and is quite uncemented. It 
is 1 to 14 inches thick, and passes gradually up into a bed, 2 or 3 inches 
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thick, containing many smaller pebbles of the white vein quartz in a deep- 
red paste. This graduates into a deep chocolate-colored layer—a coarse, 
pebbly arkose—full of muscovite and feldspar, but with much vein quartz, 
and argillite also, and this continues upward across the brook, becoming 
lighter in color. 

Entering the gorge of the next tributary, 50 feet lower down on the 
same side, one finds that the brook has just cut down to the argillite, but 
traces of the basal conglomerate bed can be found resting nearly horizon- 
tally on the vertical slates for 245 feet up the brook. It is a striking rock, 
from the large white quartz pebbles in the bright-red sand. Above this, 
just at the entrance of the brook, is a fine bluff, and in it the basal bed 
grades through 34 feet of fine red sandstone into a bed, 10 feet thick, 
of coarse buff arkose with two thin conglomerate layers, and above this 
is a bed, 10 to 12 feet thick, of a coarse conglomerate with pebbles an 
inch across; strike N. 70° E., dip 15° S. These are mostly well-rounded 
masses of the vein quartz from the argillite, also of gneiss, mica-schist, 
argillite, etc. These bowlders are often full of iron rust, a fact which 
may throw light upon the penetration of biotite into all the pebbles of the 
Cambrian gneisses of Berkshire. We see that the circumstances favoring 
the deposition of iron rust were present from the beginning, and that after 
a brief period (during which the waters advancing upon this.sharp slope 
deposited only the angular quartz masses so generally abundant in the 
argillite, yet wanting just here, but which were transported only a little | 
way) the strong tidal currents brought up from the south the granitic mate- 
rial of the Williamsburg area, and that there for a long time and for a con- 
siderable distance out into the valley by far the larger and the finer portion 
of the deposit was this far-traveled granite débris, while the coarser and 
more angular portion was vein quartz from the argillite. The black mud 
from the latter seems to have been swept away entirely and to have found 
no place of permanent deposit north of Holyoke. 

The shore conglomerates are concealed by the Green River lake-beds 
south across Greenfield and the north of Deerfield, but opposite Pine Hill 
and the north part of Deerfield village the brooks coming down from the 
west cut through the heavy sands of the high terrace and expose the Tri- 
assic beds nearly up to the conglomerates, especially in the brook south of 
J. F. Hartwell’s and in the roadside running down into the valley near the 
Baptist church. 
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The rock is everywhere a coarse pudding-stone, the large pebbles of 
vein quartz and schist being derived from the adjacent bluffs of mica-schist 
and growing smaller and rarer as one recedes from the bluff in going east- 
ward, until in the Deerfield River they are mostly wanting, while the paste 
in which these large pebbles are embedded is a coarse arkose with much 
kaolinized feldspar and muscovite, which could not have been furnished by 
the dark schists that make the shore for miles north and south, but which 
have drifted up, as before indicated, from the south. 

From this point on the arkose abuts against the western wall clear 
across the State. The exposures are poor, but the shoreward portion is an 
arkose-conglomerate with pebbles rarely larger than 8 inch cube. Thus, at 
Whately, in the roadside near the school south of the village, the arkose 
contains 8-inch pebbles of a coarse granite exactly like that of Williams- 
burg, in a mass of coarse granitic débris, while the adjacent argillite and 
tonalite are wanting. - 

The next place where the conglomerates are exposed near the junction 
is at Loudville, where the arkose is in coarse pebbles 2 to 3 inches across, 
and in the old adit the contact between the two was cut through. Here 
the feldspar grains are often soft kaolin. 

In 1868 Amos Eaton described with great care the rocks of the Loud- 

ville adit. Beginning 800 feet from the mouth, vertical strata of granite- 
schist and serpentine continue for 134 feet east, toward the tunnel mouth. 
Then a “green granular aggregate” appears which “begins to approach a 
horizontal position.” ‘This continues 66 feet and is followed by a “granu- 
lated schistose aggregate chiefly of quartz and mica.” 
_ At 480 feet a half-inch coal stratum appears and runs on to 300 feet, 
where it goes below the floor of the adit. The green aggregate is the first 
Triassic bed, and the sudden transition seems to indicate that the two are 
faulted against each other. The green color is probably due to the intro- 
duction of surface waters into the crushed band along the fault, which 
have reduced the iron oxide and discharged the red color. The sandstone 
dips east here, as the coal bed indicates. 

The next contact of the conglomerate can be seen in Southampton, a 
mile south of Glendale, on the Great Mountain road. As usual, it is a gran- 
itic conglomerate, but its coarseness does not reach that of the eastern beds. 

South of the mouth of Westfield River, across Westfield, Southwick, 
and into Connecticut, till rests against the bold, continuous bluff and con- 
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ceals the shore conglomerates. This till stretches half across the Westfield 
Valley and extends a long way south, and, curiously, in the portion adjoin- 
ing the bluff of crystalline rocks it is made up almost wholly of the arkose, 
while its thicker central portion is composed of coarse granitic materials. 

The Triassic shore conglomerates are largely concealed. Only in one 
place (Mrs. 8. Gillett’s), near where the Granville road goes over Sodom 
Mountain, in the southwest portion of Southwick, is the rock seen in place, 
within 50 rods of the base of the bluff. It is here a coarse, flaggy arkose, 
the mass of the rock a coarse, buff, feldspathic sand, with a few far-traveled 
pebbles of quartz 1 to 3 inches long. Skirting the base of the bluff for 
miles the abundant fragments in the till show that this is the prevailing 
rock. It is often so well cemented and so little worn that it closely 
resembles a granite. Stretching east across Westfield and Southwick to the 
railroad the rock is uniformly a loosely cemented mass of unworn granitic 
débris, quite deep red in the interior, but bleached and kaolinized at the 
surface, and very often dug into for road material It is commonly more 
or less spotted with well-rounded and therefore far-traveled quartz and 
granite pebbles 1 to 4 inches across. 

THE MOUNT TOBY CONGLOMERATE, OR THE SLATE AND QUARTZITE 

CONGLOMERATE. 

This rock never anywhere sinks to the dimensions of a sandstone, but 
varies from a conglomerate with its coarse pebbles 2 inches long to one 
where the larger constituents are from 2 to 4 feet in length. ‘The mass of 
the rock is very largely and often wholly made up of comminuted argillite, 
quartz-schist, and vein quartz, with the larger pebbles of the same material. 

In many cases, as along the eastern slope of Mount Toby and in Gill, 
it deserves the name of a giant conglomerate, blocks from 1 to 2 feet long 
being stuck as closely as they can lie in a coarse gravel from which all sand 
has been washed. An arrangement of the constituents, often very partial, 
with their flat surfaces parallel to a common plane and a rude stratification 
in coarser and finer beds is the only structure. The rock occupies the east 
shore of the basin except in the central portion. 


CONTACT AND DISTRIBUTION. 


The most northern outcrop of the Trias occurs a half mile north of 
Northfield, where the Winchester road starts. It is a coarse conglomerate, 
which appears in continuous outcrops west of the village street, and may 
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be best studied in the fine roches moutonnées in front of the church erected 
recently by Mr. D. L. Moody and along the brook near by, down a little 
west to the gristmill. Here the pudding-stone contains pebbles of granite, 
quartzite, and amphibolite. One block of a flat, barren mica-schist was 2 
feet long. The whole series comes from the escarpment of crystalline 
rocks directly east, and the great fault at the foot of this escarpment is 
about 100 rods east, and that represents the probable distance of the shore 
line. A mile farther south, at the south end of the village, the conglom- 
erate contains pebbles of the peculiar coarse hornblende rock that crops 
out in the lower portion of the escarpment due east, and there only, which 
indicates that these conglomerates have spread thinly from the foot of the 
scarp less than a mile east, the spreading being due to a gradual transgres- 
sion of the waters of the Triassic bay. The area just described seems to be 
now almost isolated by erosion, and from this point south to the mouth of 
Millers River the Connecticut may run wholly on crystalline rocks beneath 
the Champlain sands, and the narrow shelf between the river and the 
east-side escarpment of the valley has been stripped, largely, I have no 
doubt, by the ice of the shore deposits which once covered it. 

The section at the mouth of Millers River is interesting and peculiar. 
The farthest bluff visible on the south side of the Connecticut to one stand- 
ing at the mouth of the tributary is the coarse conglomerate of the Trias. 
To reach it one passes along the shore over a coarse muscovite-granite, 
rudely parallel and fissured by pressure, and comes at a small brook course 
upon an outerop of the Leyden argillite and quartz-schist, wholly crushed 
and slickensided. This continues a few rods and is followed to the west by 
the conglomerate. This is the coarsest shore breccia, wholly derived from 
the adjacent argillite and showing no granitic material. Many blocks are 
8 feet long; one was measured 43 inches long. The junction is not well 
exposed, but seems to be nearly vertical, and the whole region is one of 
intense crushing and faulting, though there is no indication of great throw. 

The conglomerate is exposed along the river about 25 rods, only a 
part of its true thickness, and dips 40° N. (strike N. 80° E.) beneath the 
sandstone, a thin-bedded, gray, shaly rock, which for many rods is crushed 
into a mass of slickensided pencils. It also for a considerable distance has 
strike N. 80° E., dip 30° W., and then changes suddenly to strike N. 80° 
W., dip 40° S., and in a little distance one comes on a well-known “bird 
track” quarry. 
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The conglomerates are concealed beneath the broad sand plains of 
Montague, but rise in the great mass of Mount Toby to their greatest 
height and their most extensive development. The steep walls of the deep 
gorge which borders this mountain on the east show sheer cliffs and enor- 
mous bowlders of the coarsest conglomerate, and high above the bottom of 
the valley, in the beds of Roaring Brook and of the next brook to the 
north, the contact of this conglomerate on an ancient quartzite can be seen. 

This mountain is a slate-conglomerate from base to summit and from 
its eastern slopes west nearly to the Connecticut. High up on its western 
slope are two bands of fucoidal sandstone, which penetrate the mountain 
with slight eastward dip, and indicate two horizons at which a deepening 
of the water sent the finer sediment far east over the shoreward con- 
glomerates. The high level (3810 feet above the sea) at which the rocks 
of the South Leverett plain pass beneath the conglomerate, and the rising 
of the whetstone and amphibolite through it at Whitmores Ferry, show 
that the rock is not above a thousand feet thick. 

From Mount Toby to Belchertown Pond the shore conglomerates are 
wholly removed by erosion. Some of the most interesting exposures of 
the shore conglomerates on the east side of the valley occur in Wilbraham. 
Just east of the academy, after passing a bend and slight rise in the road, 
one comes upon outcrops of a dull-brown, rotted conglomerate, so soft that 
it is dug into for road material. It is exposed along the south side of the 
road for 80 feet. Just to the east a highly indurated muscovitic quartzite, 
full of quartz veins and of dark color, rises sharply to form the eastern 
escarpment of the valley. The conglomerate rests against this and only a 
few feet of turf covers the line of junction. This is marked by a slight 
depression which crosses the road obliquely, east of which the ground rises 
rapidly and is covered by the large light-colored bowlders of the schist. 
All or nearly all of the pebbles of the conglomerate, 1 to 8 inches long, are 
from this schist. 

A medium- to fine-grained red sandstone occurs west of the conglom- 
erate and can be traced in the bed of the road right up to the conglomerate, 
where the two are seen only 2 or 3 feet apart, and the sandstone either runs 
under the conglomerate or the two abut by an irregular fault. The latter 
is by far the most probable, as the sandstone dips 15° W., while the con- 
glomerate is horizontal, and the transition would be very abrupt if the 
sandstone went underneath. 
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Great ledges of the coarse rock stretch away south and have the 
abnormal attitude, strike N. 60° W., dip 30° N., thus making the existence 
of a fault here the more probable. This is just the position of the main 
east fault at the foot of the east scarp of the valley. 

The exact contact of the two rocks may be seen in the bed of the 
brook which crosses the road just south of the village (south of J. Holman’s), 
by following the brook east to the foot of the scarp. Here, resting on the 
black crushed and silicified schist, is a compact pudding-stone with abun- 
dant pebbles, about 4 inches long, of the schist in a ground of deep-red 
sandstone. We have here the combination of finer far-traveled and coarser 
local material, discussed more in detail below (p. 374). From this point 
heavy kame gravels cover all the shore deposits far into Connecticut. 


THE OUTCROPS OF CRYSTALLINE ROCKS IN THE MIDST OF THE MOUNT TOBY 
CONGLOMERATES. 


The Conway hornblende- and quartz-schists at W hitmores Ferry, in Sunder- 
land.—I had long maintained that the conglomerate of Mount Toby could 
not be above 1,000 feet thick, and that it must have a base about 300 feet 
above the river, so that the discovery of large outcrops of the underlying 
masses in the heart of the Mount Toby conglomerates was very gratifying 
tome. It has proved very useful, as well in throwing light upon the dis- 
tribution of the older rocks beneath the Trias as in accounting for the 
source of the materials of a large portion of the conglomerates and the 
extreme coarseness of those conglomerates at large distance from the old 
shore bluffs, which seemed to be the only source for them. Several of the 
rocks outcropping thus are unique and their presence in abundance in the 
conglomerate had long been a puzzle to me. Again, at certain points in 
the mountain far from the shore, the pebbles of the conglomerate swell 
suddenly to large size and maintain such size for a limited area around the 
central point. This has now enabled me to locate several outcrops of 
crystallines in the midst of the clastic rocks. 

The first area discovered was the more interesting, as it forms the 
whole or part of the ledges over which the waters of the mill at Whitmores 
Ferry run, east of the road, while west of the road they pass over the black 
fish-bearing, shaly sandstones. The crystalline rock is here a black, fine- 
grained and thin-bedded amphibolite, and that it has not been recognized 
as distinct from the black fish-bearing sandstone is not surprising. Upon 
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the plateau above, just south of the mill pond, is a series of roches 
moutonnées, and an examination of these reveals a very interesting state of 
things. 

The western well-smoothed ledge is at its north end a dark-green, 
very fine-grained amphibolite, striking north and standing vertical, full of 
wavy quartz veins and lenses placed with the bedding. The whole is 
little jointed, but a few feet along the surface the traces of jointing increase 
in distinctness, and farther south become slightly opened planes, and then 
traces of motion of the fragments are seen, and infiltrated sand now indu- 
rated in the joints. This disturbance increases slowly until all the frag- 
ments are thrown into confusion, but one can see how they may be moved 
back into their places. Three rods from the beginning the whole is a 
breccia of large plates of the parent rock; at 10 rods one begins to see 
foreign pebbles—quartz and gneiss—and for a mile south the amphibolite 
pebbles can be found in abundance. Last of the amphibolite, which is 
perhaps 10 rods wide, is a band of light-gray, fine-grained, thin- and 
flat-laminated quartz-schist (whetstone), and still farther east is a second 
adjoining bed of the fine-grained amphibolite. The first bed forms the 
face of the bluff, and the water pours over it, and it can be examined 
along the path up to the dam. All these show, southward, a full repeti- 
tion of all that has been described for the first band, and the quartz-schist 
is more abundant in the conglomerate and more characteristic of it than 
any other rock. For the age and microscopic character of these rocks, 
see page 196. 

The Bernardston gneiss of the hill west of Montague—On the northern 
slope of this hill, near the house of H. H. Taylor Mow burned), with its 
center at the branching of the road at the most northerly loop of the 320- 
foot contour on the map, is a large outcrop of a spotted, thin- and wavy- 
bedded gneiss, with a greenish, greasy sheen of its mica, which shows 
traces of pebbles and agrees with the South Vernon gneiss modification 
of the Bernardston quartzite. It is a large outcrop, as the ice has planed 
the conglomerate off from the whole north face of the hill, and its similar 
position to that of Mount Warner, in the Amherst basin, is interesting. 
This was a great hill in the Trias, and furnished material in large amount 
as the waters rose over it. To the north the Triassic rock grows rapidly 
finer, but the long exposures in the bed of the stream at the foot of the 
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hill, a hundred rods north, are a coarse, pebbly sandstone, derived almost 
wholly from this peculiar rock. 

All around the south border of the gneiss the outcrops of the junction 
are very fine, and one can see the ledge undisturbed, passing gradually 
through the stages described above at Whitmores Ferry until, at a distance 
of a few rods, a coarse conglomerate is formed, in which I measured one 
egg-shaped block 47 inches long; and in tie whole hill to the south for 
miles the large glacial bowlders of this rock are so abundant that I 
searched specially for an outcrop of the older rock, and found it here. 
The conglomerates are thrown off in all directions from this mass, and in 
the brook dip 30° E., away from the hill. The gneiss bowlders weather 
more rapidly than the fine paste, and form great holes in the conglomerate. 

At the most northern point in the south wood road, on Mount Toby, 
is probably another similar outcrop, as pebbles 40 to 45 inches occur, and 
3 rods east of the east end of this road is another outcrop of a fine granite 
protruded through the conglomerate. 

Breccia at North Amherst —Just east of the North Amherst railroad 
station, in a pasture a few rods southeast of the point where the road turns 
south, and at the Golden Gate dam, a half mile east, occurs a coarse, rusty 
breccia of gneiss pebbles and quartz and feldspar grains. 

In one slide a large pebble of an even-bedded biotite-gneiss is embedded 
in finer material. In. another many rounded grains of a fine-grained gneiss, 
often cracked and distorted, appear in a clastic paste. This has in many 
places the appearance of a coarse conglomerate distorted by pressure, and 
I was at one time inclined to consider it a portion of the mica-schist, gneiss, 
and granite crushed in place, recemented, and much weathered. In places 
it is shot through with calcite veins. 

As soon as I had studied the contact of the Triassic conglomerate on 
the gneiss at the exposure west of Montague Center, I was struck by the 
similarity of the two, as well as by the resemblance of this occurrence to 
that at the Williams farm, at Bernardston. It seems, then, to be the contact 
layer of the Triassic conglomerate on the granite. 


ACTION OF ICE IN THE TRIAS. 


All these contacts present peculiarities which strongly suggest the 
presence of ice during the formation of the coarse breccias, especially the 
Whitmores Ferry beds. It is very hard to understand how the large 
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angular blocks can have been moved from their place and carried hori- 
zontally southward, as they have been, without the intervention of shore 
ice. Ina valuable résumé of the evidence bearing upon the question of the 
existence of Triassic glaciers Professor Russell' has expressed his conclu- 
sion as follows: 

The absence of glacial records seems to warrant the conclusion that glaciers did 
not enter the basins in which the Newark rocks were deposited. It does not follow, 
however, that the Appalachians were not occupied by local glaciers. The suggestion 
that these mountains were higher in the Newark period than now and were covered 
with perennial snow while the adjacent lands enjoyed a mild climate, seems an 
attractive and very possible hypothesis, but definite evidence as to its verity has 
not been obtained. 

With this conclusion I agree, as I have, after much searching, found no 
decisive proof of the advance of glaciers into the Triassic basin, but much 


that suggests the presence of shore ice. 


THE LONGMEADOW SANDSTONE. 


This, the well-known building stone, is a deep-red sandstone of rather 
coarse grain, usually quite quartzose and with abundant cement of hem- 
atite. Both the Sugar Loaf arkose and the Mount Toby conglomerate, 
but more commonly the latter, grade into this rock. It is generally 
subsequent to the first outflows of trap, but both in Greenfield and 
in Agawam underlies in part the Deerfield and Holyoke traps, respec- 
tively. Round or slightly flattened rods of sandstone one-fourth to one- 
half inch across, often transverse to the bedding, often interlaced, are 
everywhere abundant and characteristic, and at times the whole mass of the 
sandstone is made up of these problematical forms, commonly called fucoids. 
They seem to me to be ferruginous concretions formed in the sand by iron- 
bearing solutions derived from the diabase. They are so uniformly present 
in the beds of this subdivision that they have almost the value of a charac- 
teristic fossil, and I have fallen into the habit of calling the rock the 
fucoidal sandstone. Mud-cracks, rain-drops, glazed and curdled surfaces, 
tracks, and all indications of short and frequent emersion from the water are 
very abundant. | . 

The rock appears in an isolated area in the region around Greenfield, 
and occupies the center of the basin from the tuff beds in South Hadley 
southward. Itis well exposed atthe quarry near Mr. KE H. Lyman’s house, 


1Correlation Papers, The Newark System: Bull. U.S. Geol. Survey No. 85, 1892; p. 53. 
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the first house south of Titans Pier, in South Hadley, and contains here 
many curious inclusions of angular, flat pieces of a buff indurated clay, 
which have been formed by the drying, cracking, and warping of a clay 
bed exposed at low tide, and then the sweeping of the angular fragments 
into their present position in the sand. It contains also scales of graphite 
in considerable number, and this continues south to Holyoke in the sand- 
stone and the tuff. The “fucoids” are especially abundant in Springfield. 

Forty rods north of the above quarry, at the west end of the sand- 
stone bluff which overhangs the brook, and about 18 feet above the water 
of the brook, which here runs on the Holyoke trap, there are many angular 
fragments of limestone up to an inch in length. It is a coarse, crystalline 
limestone, containing much tremolite, and more rarely plagioclase and 
wernerite. ee 

This rock and the coarse scales of graphite came probably from the 
Archean area about the headwaters of the Westfield River, and after enter- 
ing the basin were drifted northeast, with the prevailing current, to their 
present situation, though there is a nearer and much more abundant 
source for the graphite in the Brimfield schists to the east, and this schist 
carries also thin beds of limestone with coccolite and garnet. 


FRAGMENTS OF WHITE TRAP WITHOUT AUGITE IN THE SANDSTONE ABOVE THE 
HOLYOKE SHEET. 


A tuffaceous agglomerate occurs in the second sandstone of the 
Holyoke range, containing a colorless, wholly feldspathic trap. 

The great sheet of trap which forms Mount Holyoke flowed out 
quietly and was immediately covered by fine calcareous mud in the cen- 
tral parts and by coarser sands nearer the borders of the basin. I had sup- 
posed that it remained covered during all the subsequent time of Triassic 
deposition, and contributed nothing except by ferruginous solutions to 
the sandstones that cover it. Recently my students in geology from the 
senior class of 1896 at Amherst discovered an interesting deposit of tuff 
between the Forest Park, or Little Mountain, plug and Mount Tom. It 
lies in the bed of the brook which, flowing north between the main and 
posterior sheets, crosses the railroad at the burnt mill north of Smiths 
Ferry. The bed occurs near the headwaters of the brook, below a bridge, 
and is exposed for about 18 rods. It is a rather coarse, dark-greenish 
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sandstone, with many quartz, muscovite, and graphite grains and scales 
visible to the eye. It is thick-bedded or massive, changing suddenly from 
the thin-bedded sandstone. Its full thickness is not exposed. It is very 
calcareous, and I think it possible that it may be the bed of limestone marked 
near here by President Hitchcock on his maps, which I have not before 
found so far north. 

In this calcareous sandstone are small rootlike concretionary bodies, 
which appear in the rusted rock as minute tubes rarely branching. They 
reach one-half inch in length, and at most one-eighth inch in diameter. In 
the fresh rock they appear as white calcareous bodies, with a trace of longi- 
tudinal fibrous structure, remotely suggesting a minute branching cheetetes. 

In this sandstone are many wholly angular fragments, from 1 to 4 
inches long, of a volcanic rock, which may often make up a quarter of the 
mass of the whole bed. In fresh fracture it is a white or light-gray, fine- 
grained rock, with exactly the look of a somewhat siliceous limestone 
spotted with small grains of pyrite. Weathering or careful study with the 
lens brings out the fact that the rock is amygdaloidal, with small cavities, 
mostly spherical, which are filled with calcite or pyrite, or both, and rarely 
the reflection of a minute twinned plagioclase lath can be seen in the solid 
rock. In a thin slide it is found to be a diabase considerably altered, but 
preserving a close resemblance in many particulars to the Mount Holyoke 
trap, but more to the abnormal red trap from Cheapside. (See p. 431.) It 
has the same distant feathery groups of larger plagioclase of first consolida- 
tion (0.8"" long), just visible to the eye and containing rounded inclusions 
of glassy magma, and these lie in an ophitic network of plagioclase laths 
of two sizes, the one in quite stout rods, 0.4" long, which are scattered 
abundantly in a reticulate or stellate ground consisting of very fine needles 
of plagioclase, 0.03-0.04™" long. Both the finer feldspars are distinctly 
fibrous, a structure which is caused by lines and rows of minute grains of 
a dark ore, which is doubtless limonite, and was originally hematite, as in 
the Cheapside trap. This makes up almost the whole content of iron in the 
rock, as only one uncertain augite grain could be detected. There is no 
magnetite or chloritic decomposition product except a trace of an amorphous 
green constituent in the amygdules. 

To complete the resemblance to the Cheapside rock, the small round 
cavities are lined by a secondary growth of fresh albite in well-shaped 
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twinned crystals .03 to 04™™ long, maximum extinction 17°. When the 
calcite is dissolved they appear perfectly limpid and fresh, and often 
show the marked undulatory extinction characteristic of aqueous albite. 
One of the larger feldspars of first consolidation, cut paralled to M (010), 
showed the optical figure almost central, with the axial plane at 103° to the 
vertical axis of the crystal, thus having all the characteristics of albite. 
The smaller feldspars are more basic. All the constituent feldspars are 
dusted with kaolin, but their properties can be made out clearly. The rock 
may have been bleached somewhat by acid waters and the iron may be 
now present in the pyrite, but when the calcite is dissolved with acid the 
rock seems little decomposed, and it is of the same character throughout 
the compact mass from surface to center. 

It must, therefore, have differed materially from the Cheapside trap 
when fresh, although more like it than any other variety in the Trias. 
The large amount of calcite in the bed indicates a considerable body of 
lava as its origin. The wholly angular character of the fragments was due 
to an explosive eruption not far distant. I have little doubt that the focus 
of this eruption is to the east, along the old main fissure, concealed by the 
masses of the Forest Park plug and the newer sandstones. 


DISTURBANCES IN THE SANDSTONES AND INCLUSIONS OF TRAP FRAGMENTS JUST 
BELOW THE POSTERIOR SHEET. 


Where the western lobe of sandstone passes down between the areas 
of trap which extend north from the region of the Little Mountain core the 
dark-gray sandstone, at a horizon just below the posterior sheet, 1s much 
contorted, bands of the sandstone being twisted into sharp zigzags in a few 
inches. It makes the impression of some local disturbing force acting before 
the hardening of the sand to rock, like the ‘“wallows” in the sandstone at 
Turners Falls, formed by the crowded tracks of the great reptiles. At 
other localities along the western part of the eastern lobe of sandstone 
which projects into the trap area this disturbed layer is covered by sev- 
eral feet of undisturbed, flat-bedded sandstone, the disturbed sandstone 
graduating rapidly into the undisturbed rock and showing the contortion to 
have been produced before the deposition of the latter. There are a few 
small anticlines in the rocks at this place which are easily distinguished 
from the structure in question. The band is the more interesting because 
it contains angular fragments, 6 inches long, of the common black trap, 
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like that of the Holyoke range, together with small fragments of a white 
rock, like the white trap described above (see p. 365), but not showing 
pyrite or porous texture. I associate these disturbances, and similar ones 
that appear beneath the posterior sheet as far north as the latter can be 
traced, with the bed of white trap described above. ‘They possibly rep- 
resent the border of an explosive eruption of limited extent, whose tuffs 
may have locally loaded the muddy floor of the estuary so as to have pro- 
duced the crumpling of the beds, but the outcrops are insufficient to give 
the whole history of the deposit. 

It may be noted that the small sills which appear a few feet below the 
posterior sheet 90 rods north and 150 rods south of this area greatly contort 
the sandstones, and the disturbances here noted may be due to the same 
cause. 

THE BOUNDARY OF THE LONGMEADOW SANDSTONE. 


The northern boundary of the sandstone, in Gill, is very complicated, 
because here at the northern, narrowed end of the central sand flats the 
feldspathic gravel at times projected far out over the sands from the west 
and the slate gravels from the east. The area of the sandstone narrows as 
one goes down in the beds, so that in their undisturbed state the central 
sandstone graduated east, west, and north into the two conglomerates, with 
many intercalated lobes; and now that they are tilted and faulted one finds 
many sudden changes from the straight, sudden fault boundaries to the 
complex, lobed line of passage of sandstone into conglomerate. Especially 
marked is the narrow band of fine, deep-red, shaly sandstone which rests 
upon the trap and follows it north nearly to the fault in the latter on the 
Turners Falls road. This suddenly-appearing and exceptionally fine-grained 
bed seems due to the shallowing and obstructing of the bay by the out- 
pouring of the trap. 

Because of the prevalent easterly dip of the rocks the boundaries of 
the sandstones upon the arkose present along their western border the nor- 
mal relations, and the arkose passes regularly below the sandstone. Along 
the eastern border of the northern basin the sandstone dips beneath the 
conglomerate, and it is proved to pass far beneath the upper beds of the 
conglomerate, because it is twice brought up by faults and repeated upon 
the western slope of Mount Toby, once at the 500- and once at the 700-foot 
contour, as seen in the sectional view of the mountain on the section sheet 
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(Pl XXVIII). This indicates that after the deposition of the major portion 
of the conglomerates and the extension of the sand flats far to the east there 
was a tilting of the beds, which gave them a slight eastward dip and deep- 
ened the eastern channel so that the eastern current was strengthened and 
the slate-conglomerates passed by a broad transgression west over the sands. 


ANALYSES, 
The rock of the Kibbe quarry, of East Longmeadow, has been analyzed 
by Prof. C. F. Chandler, of New York; that of the Worcester quarry and 


of the Maynard quarry by the Worcester Polytechnic Institute. 
Analysis of the rocks of the Kibbe (I), Worcester (II), and Maynard (III) quarries. 
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The amount of alumina shows that there is probably considerable 
feldspar in the rock, and that some part of the loss is alkali. 


THE GRANBY TUFF, OR THE DIABASE-TUFF. 


This bed is the most distinct geological unit of the series. It is made 
up of diabase ash, lapilli, and bombs. It grows finer in any section from 
bottom to top and from west to east. West of the Connecticyt it is made 
up of coarse material, with many masses as large as one’s head. South of 
The Notch it consists of fine lapilli, and farther east it is a consolidated ash 
bed. It always contains some granitic material, often only muscovite scales. 
The transition from sandstone to tuff is sudden, and the tuff rests on arkose 
from the east end to the river, and then on fucoidal sandstone. It grad- 
uates upward imperceptibly into the fucoidal sandstone, and while the 
main trap sheets made no impression on the sediments, the tuff furnished 
abundance of iron and lime to all the upper beds. It is described in detail 
in Chapter XIII, in connection with the description of the volcanic rocks. 

MON XXIx——24 
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THE CHICOPEE SHALE, OR THE CALCAREOUS SHALE. 


All the bluffs in the city of Holyoke, especially the long railroad cut, 
are made up of a gray shale which varies into a paper-thin red sandstone, 
in which rarely a bed a foot thick can be quarried. It always effervesces 
abundantly with acid; many beds are full of nodular concretions of clayey 
limestone, and at times these coalesce, cementing thick beds of the clay 
into water-lime. 

The rod-shaped concretions which have been called fucoids are want- 
ing, but all the marks of frequent recession of the water, as mud-cracks, 
raindrops, and ripple-marks, are present. The rock abounds in casts of 
gypsum and of salt crystals. It extends from Holyoke southward, occu- 
pying the central portion of the basin, and is bounded on either side by 
the Longmeadow sandstone. 

The large quantity of hematite and of iron- and lime-carbonate would 
seem to have been derived from the subjacent trap and trap-tuff. 

THE CONTINUATION OF THE STATE-LINE FAULT IN A CRUSHED BAND AT 
HOLYOKE DAM, AND THE SECONDARY MINERALS FOUND IN THE FISSURES. 

During the building of the new dam at Holyoke, the shales of the 
area below the present dam were accessible for a long time, and a deep 
trench was blasted from the foot of the dam halfway to the bridge below, 
which exposed an exceptionally crushed, folded, and faulted band in the 
shales (fig. 23). 

The section begins in midstream at the foot of the dam and extends 
60 rods east toward the bridge. For 11 rods the rock is a red sandstone of 
medium to fine grain, which runs in easy undulations and has a slight dip 
north, or from the observer. A compact bed of different color from that of 
the rest indicates a fault at the middle and end of this part of the section. 
This is followed by a fine, brittle, calcareous shale—a slightly indurated 
mud rock, at times massive, at times banded, generally dark-gray, but often 
of a bright red; some of the bands are a buff water-lime. This is strongly 
folded, jointed, and contorted, and in several places one or two rods wide 
crushed completely, so that all structure is gone, and after being thrown 
out on the bank the rock slakes under the influence of the weather and 
crumbles to powder in a few days. 


1 ¥or further discussion of State-line fault, see the section ‘“‘The Holyoke Sheet,” p. 446. 
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At the east end of the section the red sandstone reappears for a few 
rods, with the normal low dip to the east and no twisting of the beds 

On examining my maps I found that the State-line fault, 
which I had located where it crossed the two trap ranges, 
and had not been able to follow farther north beneath the 
great sand plains of Holyoke, would cross the Connecticut 
just at the place of the section. I have therefore prolonged 
this fault so as to make it include the central shale of the 
section, and consider this an area of crushing at the passage 
of the fault. The throw of the fault does not seem to be 
great, and it is probable that the shale is an upper member 
dropped in between the sandstone beds and strongly crushed, 

The shales contain impressions of hopper-shaped salt 
crystals, cubical cavities, variously distorted, from which salt 
has been removed, and angular cavities 3 inches by 4 inch 


I 


in cross-section and 1 inch deep, from which some mineral, 
probably barite, has been removed. Many shrinkage cracks, 
often forming complex networks and broad stellate forms, 
are filled with white calcite. 

At a much later time the abundant fissures, formed by 
the crushing of the rock, were filled by a more complex 
series of minerals. The oldest is siderite, which coats broad 
surfaces with fine crystals often a third of an inch across, 
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ranging in color from a yellowish gray to a rich reddish 
yellow, and as they have the faces R and «R2 equally 
developed they simulate dodecahedra and suggest cinnamon 
garnets. Before the completion of their growth flat blades 
of gypsum formed upon them, which have since been 
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removed. They were followed by a curious acicular growth 


of barite—parallel groups of straight, doubly serrate needles 
formed of minute rhombic prisms (OP, «P) just touching 
by the acute angles and having the axis b common. These 
are superficially inclosed in the siderite and project from it 
in a common direction. 

The specimens are beautifully frosted by a growth of small white 
calcites, R 3, 0 R, —-}R, —2R, with rounded apex or coated by a layer of 
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brittle anthracite whose rounded surfaces indicate that it came into the 
fissure as a bitumen, but which gives a yellow flame for an instant only 
and then burns with extreme slowness. 

This is often coated by a layer of pyrites of very modern growth. 
Where the same beds are crossed by the Chicopee River the red shales 
contain broad seams of a pink, transversely fibrous calcite, and in the bed of 
the Westfield River, in West Springfield, all the occurrences detailed above 
are repeated and the curious salt pseudomorphs described on page 389 


are also found. 
THE DIABASE. 


The great Deerfield and Holyoke diabase beds and the posterior or 
Talcott bed fall into this series, but le partly intercalated in each of the 
above members and partly on their borders. ‘They are described in 
Chapter XIII. 

The series of newer volcanic cores, of which the Black Rock may be 
taken as the type, close the list of Triassic deposits. They are specially 
described near the end of Chapter XIII. 


THE FORMATION OF THE BASIN AND THE DISTRIBUTION OF THE 
SEDIMENTS BY STRONG TIDAL CURRENTS. 


The rocks which have been described are not chronologically succes- 
sive in the order given, or in any order, but are synchronous facies, depend- 
ent for their variety on the varying character of the shore rocks from which 
they were derived, on the strength and direction of the tidal currents by 
which they were carried, and on the varying distance from shore and the 
varying depth of water in which they were deposited. The last is a most 
important element. Because of the great depth of the western portion of 
the basin and the abundance of granite along the western shore, the 
advancing waters may have begun to deposit the arkose here a little ear- 
lier than the other varieties, but very soon must have come in contact 
with the argillites and schists of the eastern border, and the development 
of the arkose and that of the conglomerate were then strictly synchronous. 
As the waters rose and attained greater width the central portion of 
the basin was occupied by a deposit of offshore sands—the Longmeadow 
or fucoidal sandstones—and when the maximum width was reached 
the middle portion of the sandstones sank to the fine-grained sand and mud 
beds which have become the central Chicopee shales. 
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The coarser beds are not so well fitted to retain marks of exposure, but 
the false bedding and the ripple-marking, together with the lack of indica- 
tions of exposure, convince me that during the earlier portions of the Trias 
the waters were deeper, and of such depth as to render the strong currents 
most effective, and that later the broad basin became so shallow that the 
currents were effective only where concentrated in their shoreward portions, 
while over the broad central and shallower flats, regularly abandoned by 
the tide, conflicting currents carried only fine material. 

An inspection of the detailed geological map of the Appalachian chain 
makes it very plain that the southward trend of the main structure lines 
across New England must have made a great sigmoid curve to the west in 
sympathy with the same curves in the more western chains across the Mid- 
dle States, and that a great post-Carboniferous sinking must have depressed 
an extended block south of an east-west line running north of Long 
Island, thus producing the “ Rias Coast” * of southern New England and 
admitting the sea into the deep fjordlike bay of the Connecticut River 
Trias. ‘The development of the fault system which borders this bay and has 
produced it may have been an attendant upon the larger movement, but it 
is quite clear that the depression of the bottom of the basin was, in part at 
least, synchronous with the accumulation of the Triassic sands, and in part 
of later date. ) 

It is difficult to. assign the correct value to this cause, the sinking 
of the bottom of the basin, as another valid cause is recognizable which 
worked to the same end, namely, the great Triassic transgression. While 
the above statements present the true explanation of the formation of the 
Triassic basin—that it is a narrow fault-bounded and sunken block—the 
presence of a large number of isolated sandstone and conglomerate masses 
along the Atlantic Coast indicates a general positive motion of the waters 
over the land along the whole coast—one of those general ‘‘transgressions” 
the importance of which has been so ably enforced by Suess—as the true 
explanation of the gradual advance of the waters into the basin. 

I have now collected abundant evidence that the waters in their slow 
transgression across the bottom and up the sides of the basin found a 
great store of material for their work in the results of the secular disinte- 


1A coast line which truncates mountain chains about at right angles to their trend: Suess, Das 
Antlitz der Erde. 
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eration of the rocks (as insisted upon recently by Professor Pumpelly and 
applied by him to a more ancient transgression),' especially the vast amount 
of granitic débris, which has been swept into its place so rapidly that, 
although carried many miles across the valley, it is so angular that it seems 
to be still at the base of the granite ledge from which it was derived. 

I have been further led to look with some hope upon the theories con- 
cerning former high tides and strong tidal currents which have been so 
eloquently expounded by the astronomer, Sir Robert Ball,? for itis beyond 
question that the sediments were spread by tidal currents which passed 
north up the west side of the valley and down the east side, and with a 
force greater than I can find anywhere described for modern currents. 
The proof of this is presented here in abstract, but many details are given 
in the description of the different rocks in the last chapter. 

Along the middle portion of the western border-lands of the Triassic 
basin is a very great development of granites, abundantly muscovitic, and 
the schists down to the southern line abound in these dikes, which plainly 
extend eastward far beneath the border of the Trias. Now, all along this 
line the Trias is made up at the shore-line of a granitic conglomerate which, 
as it extends far out into the valley and up in the series, graduates through 
coarse to fine arkose. 

In the northern half of the State the western border-country is of 
black schists and argillites, but the arkose sweeps up along this shore for 
more than 20 miles, scarcely darkened by any admixture of the black 
schists, but where it is coarse containing many large, well-rounded pebbles 
of the vein quartz from the schists. Here it is plain that the immediate 
shore wash has rounded the quartz pebbles, and that they have then been 
carried outward by the undertow and forward diagonally by the sweep of 
the tidal current, while the mass of the material came from much farther 
south. 

The same thing is clear along the eastern side of the valley. The 
materials derived from each of the rocks that formed the ancient shore are 
carried far south of the area occupied by the respective rock. At the 
north end the peculiar crystalline rocks of the Northfield hills form 
the slate-conglomerates at their foot and are carried far south. And 


Secular rock disintegration: Am. Jour. Sci., 3d series, Vol. XVII, 1879, p. 133. The relation 
of secular rock disintegration to certain transitional crystalline schists: Bull, Geol. Soc. America, 
Vol. II, 1891, p. 209. 

2 A glimpse through the corridors of time: Nature, Vol. XXV, p. 79. 
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they, with the equally peculiar rocks which are disclosed by erosion in 
the midst of the conglomerates of Mount Toby, are carried south over the 
granites of the eastern shore, and the arkose derived from these granites at 
last takes their place and is itself continued south at the foot of the slate 
bluffs of Wilbraham, where it slowly gives place to a slate-conglomerate. 
Where the basin is narrow these two rocks—the arkose on the west and the 
conglomerate on the east—meet and blend in an interdigitating boundary. 
When the basin widens they separate to include broad areas of sandstones 
and shales, representing the sand and mud flats which intervened between 
the strong current which moved up the west side and that which passed 
down the east side of the basin. 

I have elsewhere (p. 353) described the Mount Toby conglomerate as 
resting upon a pedestal of crystalline rocks whose surface is nearly 400 
feet above the sea. This pedestal is continued south as the great ridge upon 
which Amherst is built. The presence of this ridge and the consequent 
shallowness of the waters explain the fact that the arkose extending south 
from the ridge expands entirely across the valley and contains from its 
eastern border clear to the Mount Tom station in the center of the basin 
angular pebbles of granite, often as large as one’s fist. 

Wherever I have examined the cross-bedding it tells the same story 
as to the direction of the currents; as in the bluffs of Mount Tom, and 
especially in a fine island of arkose in the northwest bend of the Deerfield 
River (which is interesting as having more than sixty potholes cut in its 
surface by the strong high-water current of the present river, which passes 
over it), where the beautiful cross-bedding is plainly directed northerly. 

President Hitchcock presents the matured results of his long studies 
of the Trias in the introduction to the Ichnology of Massachusetts (1857), 
wherein he gives the details of four sections across the sandstones, in which 
he obtained the following thickness: 


Thickness of the Triassic sandstones at different localities. 


Locality. Pee Gee 
AMibaevese) (MEANS. ese a hae en oper HeObOS Gb Seba ceed aticmeo 7, 788 4,190 
Mount Vobycseeeesceceate seats <= ee eee ee ae (se 5, 283 1, 584 
Moun i bloliy.o ke semana tame = tetera fae ree cei a 5, 115 8, 102 
I @big ANON ae 6 sons aones Senne aaQrCuRee o Soren Somaon 8, 128 11, 500 
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He was not satisfied with these numbers, as they seemed excessive; 
and he gives consideration to original deposition on an incline and to fault- 
ing as explanations, and rejects both, effectively disproving the first and 
remarking concerning the second that he had been unable to find any con- 
siderable faults, such as the theory would demand. Accordingly he consid- 
ered the general easterly dip to indicate that there was a uniform progression 
from older to newer beds in passing from west to east and made a threefold 
division—(1) the sandstones below the trap, (2) the sandstones above the 
trap, and (3) the conglomerates of Mount Toby, the iatter being the newer. 

More favorable exposures and more detailed mapping have revealed 
many faults, and I feel sure that many more remain concealed. 

Along the eastern side of Mount Toby the coarse conglomerate rests 
in normal unconformity upon the old quartzite, and instead of being newer 
than the fine-grained sandstones (the distinctions I have made of arkose and 
red fucoidal sandstone agree in the main, though not exactly, with the above 
distinctions, sandstone below the trap and sandstone above the trap), it is 
certainly older than these, and, as an eastern-shore deposit, is to be placed 
parallel with the arkose which forms the shore deposit along the western 
side of the estuary. As I have indicated elsewhere that the waters spread 
over this portion of the basin somewhat after the time of their advent in the 
western portion of the basin, I should not place them parallel to the base of 
the arkose on the west, but rather to its middle and upper portions, and 
should place the main continuous mass of the red sandstones and shales 
which, beginning in South Hadley, extend. broadly southward in the central 
portion of the basin as in part later than both. They are largely the tidal 
mud flats of a shoaled-up and contracted estuary which must have had high 
tides like the Bay of Fundy. 

The dips are certainly for the most part easterly, but this is commonly 
overstated. Across Hatfield they are largely westerly. In Mount Toby 
they are nearly horizontal. East of Turners Falls and in the Holyoke 
range they swing round to south. In Hampden County they are very low 
and rarely observable in the eastern portion. With these dips and with the 
repeated monoclinal faulting the boundaries, if we could draw them accu- 
rately, would often be sharply serrate, but hindered by the uniform char- 
acter of the rocks of the series, and more by the thick cover of till, one 
can draw only approximate boundaries. 


FORMATION OF THE TRIASSIC BASIN. Ott 


I have been greatly interested in the hypothesis which has been 
advaneed and expounded with so much acuteness by Prof. W. M. Davis’ 
in explanation of the monoclinal faulting, and applied so fully to the south- 
ward extension of this area across Connecticut, and I have permitted myself 
to be guided by it as far as possible. This has been, however, rather per- 
missive than compulsory in this region, for, as just seen, the easterly dips are 
only slightly in the ascendency. All the strongest dips are to the south, as 
in the Holyoke range, in Gill and northern Montague, or northwest in 
central Montague. In several cases submerged peaks and bosses of crys- 
talline rocks have thrown off the sandstones in various directions and have 
plainly acted rather as resistant masses against which the sandstones have 
been crowded irregularly than as masses whose own deep-seated compres- 
sion has produced a monoclinal faulting in which the sandstones have pas- 
sively shared. Thus at the mouth of Millers River the rocks have been 
crushed and faulted against a great mass of most rigid quartzite, and dip 
strongly west, and a little farther west change suddenly to high south dips, 
and to the west of Montague village the great mass of uncovered gneissoid 
conglomerate throws off the sandstones to the northeast. It would thus 
seem that in all its northern portion the valley is too narrow and tortuous 
_and its bottom too irregular and too much broken through by later intrusive 
plugs of trap to allow of the regular development of this structure. The 
southern, broader portion of the valley in Massachusetts is too much covered 
to exhibit fully the system of the faults. 

At the north end of the basin the boundary extending southwestward 
from the Connecticut is plainly a boundary of erosion, and the conglomer- 
ates extended formerly much farther than at present. Indeed, it leaves the 
impression that the basin was a strait, extending northward into another sea. 

An inspection of the map will show that the whole width of the Trias 
across the north of Gill is of conglomerate, equally divided between the 
arkose on the west and the slate-conglomerate on the east. The boundary 
is a narrow, transitional band, rather than a line, but is very distinct. From 
Bernardston across to the boundary the rock is pure granitic débris; near 
this line slate pebbles begin to appear, rounded and far-traveled, and soon 
the finer material comes to be also wholly of comminuted slate and 


1Am. Jour. Sci., 3d series, Vol. XXIV, p. 347; Vol. XXXII, p. 342. Bull. Mus. Comp. Zool. 
Harvard Coll., geol. series, Vol. II, p. 99. 
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quartz, and continues thus across to the river. The granitic material on 
the west has been brought from 20 miles south, the slaty material from 
Vernon and Northfield to the northeast, and the two currents pass each 
other well established, with plenty of room to move in, and do not show 
any indication that they are located near the head of a narrow bay. 

The behavior of the great overflow trap sheets is instructive as indicating 
the character of the bottom over an extended area at a given time. The 
Deerfield bed is an overflcw, as is proved by the beautiful ropy surface at 
Turners Falls. That it flowed over the muddy bottom of the bay is indi- 
cated by the kneading together of trap and shale in Greenfield (see p. 419). 
It rests on the Mount Toby conglomerate from Gill Center nearly to Fall 
River, then on fucoidal sandstone and shale to Deerfield, then on arkose 
to the Connecticut, and on the Mount Toby conglomerate to the south 
end of Mount Toby. It had little influence upon the later rocks, and is 
covered by the same rocks as those which lie beneath it, except that the 
boundary of the fucoidal sandstone and the Mount Toby conglomerate is 
shifted to the north by an amount equivalent to the thickness of the trap. 

The same is true of the Holyoke bed. The same buff arkose that pre- 
cedes its advent also rests upon it, and does not receive the smallest influence 
from the abundant iron in the trap, as it was immediately covered by the 
strong currents. It continues to rest on the arkose to Holyoke, and from 
there to the south line of the State rests upon the fucoidal sandstone and 
the shale. All these rock types thus formed portions of the bottom of the 
basin at the same time. | 

The shallowing of the basin effected by the outflow of the great mass 
of trap made itself manifest in the transfer of the boundary of the arkose 
and sandstone far to the north. That is, it shallowed the waters so that 
along the central axis of the valley the finer-grained sandstones character- 
istic of the shallower central area extended much farther north. This 
strengthens the impression that one gets from the signs of repeated 
emergence from the water, so abundant in the sandstones, and their absence 
from the arkose, viz, that the sandstone was deposited in shallower water 
and laid bare at low tide. That the arkose and calcareous shales were 
deposited at the same time is further shown by the fact that from Titans 
Pier, where the Holyoke trap sheet crosses the Connecticut, nearly to the 
Westfield River, about ten miles, the trap, which here everywhere rests 


FOOT-TRACKS AND TRAP SHEETS. 379 


directly on the coarse arkose, is filled with fragments of the fine-grained 
shales and dove-colored limestones which were in place as part of the bot- 
tom far to the east or southeast. This shows that the fissure was situated 
east or southeast of the present outcrop, and that the trap broke through 
and flowed out, first over the mud flats and then over the coarse granitic 
débris lying westward. The greater thickness of the trap sheet in just this 
portion of its length, viz, in Mount Tom, may be because the trap sheet 
extended into the deeper shoreward portion of the basin—that occupied 
by the western, northward-moving current. 


THE POSSIBLE CONNECTION OF THE FOOT-TRACKS WITH THE TRAP 
SHEETS. 


It is furthermore interesting to observe that all the famous localities of 
tracks are far out in the center of the ancient bay, in sandstones that rest 
directly upon the back of the broad trap sheets, and not very high up above 
the upper surface of the trap. 

Above both the Deerfield and the Holyoke trap sheet the area within 
which these tracks occur is approximately identical with the area overspread 
by the trap sheet, and it seems to me quite probable that the shallowing of 
those broad central areas of the bay 300 to 400 feet by the great trap sheets 
may have produced the peculiar surfaces just between tides, on whose sand 
and mud flats the reptiles walked and the raindrops made their marks. The 
iron which was soon set free from the decomposing lavas below permeated 
the muds and, besides giving them their red color, cemented them with 
unusual rapidity, and so favored the very remarkable preservation of the 
tracks, as the preparation of the broad central intertidal mud flats favored 
their production. 

There are more than 20,000 tracks in the Amherst collection, perhaps 
as many more in that of Yale, and again as many more in other collections, 
and it is hard to say how many have been destroyed for every one in the 
collections. There is, therefore, something quite exceptional to be explained 
in the vast number of these tracks which are found in this very limited 
space. There is a slight possibility that the heat of these great trap sheets 
may have promoted rapid consolidation of the sand layers by which they 
were quickly covered. 
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ARTESIAN WELLS. 
WELL AT TURNERS FALLS. 


Artesian well of Montague Paper Company, Turners Falls, just west 
of the south end of the dam. Samples at Amherst College. For analysis 
of water see Chapter XXI. The rock lies very near the surface and 25 
feet below the top of the dam. The figures indicate distance in feet from 
the surface of the rock. 


, 


Record of artesian-well boring at Turners Falls. 


Kind of rock. 


Gray sandstone, grains 1™™; quartz abundant; feldspar, muscovite, 
biotite, Tare. .2iec seed ge. (sand ced oe ee eee ie Sse ea oh or 
Gray, shaly muscovite-sandstone much finer than at 15, but mixed with 
the latter; noncalcareous-...-2. 2--. sssececaeees dais stele a seiaae tae 
Same; little darker and finer...) . ss5-see se ese eee ee eee eee ete 


White sandstone, grains 1 to4™™; quartz, muscovite, biotite ......-.-. 
Same; grains $™™, “Small vein of water here”............--...----- 
Brownish-gray sandstone; muscovite and biotite abundant; “1 foot 

thick? 2.322 Ak 2a eee eee be La aiceisdiasticase tease aan ae 
Gray, micaceous, shaly sandstone; ‘‘1 foot thick” .......-........---.. 
Same; “slate, quite soft?) <b sac ccke see meee ee eee ee eee 
Dark-gray, micaceous, shaly sandstone. ...-.....--..--------e+------e-- 
Brownish-gray, micaceons, shaly sandstone ...............-..---------- 
Light-gray, micaceous, shaly sandstone; “‘struck water here” .....-...- 
Gray, micaceous quartz-sandstone, grains 1 to4™™ ____...__-_. 12. .-2-e. 
Gray, shaly sandstone... 3525) gee cae eee eee ee Se 


Red, micaceous sandstone, fine-grained...-......2. 220.2222 ee0-eee- eee 
Dark-red, micaceous sandstone, fine-grained .........-...-------------- 
Gray quartz-sandstone, grains 1 to 3™™; angular ................-.---- 
Brownish-black, pyritous shalev.s-0s5esee eaveee ac ae a ee ee 
Dark-gray shale. 22.2 2c\J2. 2 ee ee tee 106 
Light-gray shale: .. 2225 Sas eee eee 110 
White quartz-sandstone, grains 1 to 2™™; little muscovite...........-.. 120 
Same ...- nen ade Po dae cs ie ee een en ee ae ee 125 
Buff quartz-sandstone, grains 1 to6™™; well rounded; ‘‘ water here”..| 133 
Clear-gray quartz-muscovite-sandstone, grains 1 to 6™™...-............ 140 
Light-chocolate quartz-muscovite-sandstone, grains 1 to 6™™_.......... 150 
Dark-brown quartz-muscovite-sandstone, grains 1 to Gms shal yacce sen 200 
Same -.....0 2.5 dis.0.5» -' made e ate ee ne een eis ee 225 
BaMe «26.005 26 a6 ovata eo See ee Pee ae, oe ee 260 
BOING wen'sin cnn a eele digs Here tele aes ee ee ene oe 8 275 
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Record of artesian-well boring at Turners Falls—Continued. 


Kind of rock. Feet. | 
AIL O haere aes Pema ame Sh noe Sete te poe oe NLT pill Pee fa eiee ones 290 
RELIG coS5 bbb Ghd SAGSHE HOSES re Ne AAAS Se er ees Eat a ee 320 
Bright brick-red quartz-muscovite-sandstone, grains 1 to 6™™; shaly...| 340 
Dark-brown, shaly sandstone, very micaceous .-...-...........-.------ 360 
Bright-red, shaly quartz-muscovite-sandstone, grains 1 to 6™™_..__.._-- 390 
BENTO S ice dce dei coc OAe se SASAie MSc ie SSE Ce acy Sete eens ee ia eee 400 
Coarse quartz-sandstone, grains 3 to 5™™___.-......2....222.-22-2.---- 420 
Bright-red quartz-muscovite-sandstone, grains 1 to 2™™_____.........-. 440 
SOB INO Bee eet terete eee er tote en Sekeete secant coal i oocs eaGek access 460 


Pale-green chloritized diabase, larger lath-shaped twinned plagioclase 
grains 1 by 1 to3™™; augite wholly changed to chlorite; magnetite 
octahedra, The microscope shows much feldspar in two generations; 


little pyroxene .----..-....... S56q55 ApadSc CoG RNd Beas pS eee epee Aes 560 
Same. The pyroxene shows under the microscope nearly colorless 

center and good cleavage; yellow-green border and poor cleavage...) 610 
SEIN AS 5 ahs Ado EN J acd AOS Ae Sea oe MACS i eee eee 617 


Coarse-grained, light greenish-gray diabase, copper-tinged; many 
grouped magnetite octahedra. Under the microscope the pyroxene 


isMresh,;oreen wand muchthwinned eeacessa+s-- =e 2t 2-5-2 sess case 640 
Dark-red quartz-muscovite-sandstone, grains 1 to 6™™; shaly........-- 670 
Light-gray quartz-muscovite-sandstone, grains 1 to 6™™; shaly.......- 690 
Red quartz-muscovite-sandstone, grains 1 to6™; shaly...............- 700 
Light-gray quartz-sandstone, grains #™™; wellrounded...........--.-- 705 
Brown-gray quartz-muscovite-sandstone, grains 1 to 2™™_....22.2.22... 708 
Dark-red quartz-muscovite-sandstone, grains 1 to 4™™ ___..2....2..2... 710 
Salle ae eee ee Seren meme cere ee Aton ese Re ee 738 
Gray quartz-muscovite-sandstone, grains 1 to 5™™......22.2...22-.---- 795 
Reddish-gray quartz-muscovite-sandstone, grains 1 to 5™™._...._)..... 800 
Coarse, buff quartz-muscovite-sandstone, grains 1 to 5™™____.......__.. 810 
Dark-red quartz-muscovite-sandstone, grains 1 to5™._........-2..-.-. 865 
Red, shaly quartz-muscovite-sandstone, grains 1 to 6™™ ___..........-.. 875 


WELL AT SOUTH HADLEY, 


Artesian well at Mount Holyoke College, South Hadley. Samples at 
Mount Holyoke and Amherst colleges. Samples all calcareous, very finely 
pulverized, so that structure could be only partly made out. 
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Record of artesian-well boring at South Hadley. 


Kind of rock. Feet. 
Fine buff sand.-..---- 25 
Samez sSosccece es cheats et sands: o02 22:05 eee es eae eee sees 30 
Very fine buff sand... J 40 
Rather fine-grained, light-red, micaceous sandstone, muscovitic....--.- 50 
Same, but much mixed: with same cco e terete wre tersere eteee tle eta 60 
Light-red, fine-grained, muscovitic sandstone.........--..------------- 70 
EN: ee PME TR Ee SS AS AG on Och ances GsOGur GORC 80 
SE: eee Sea Soo coc ince cedder KE Se dhoconns OEE 90 
Red, fine-grained, muscovitic sandstone.........--...--..-------------- 160 
Dark-gray, shaly, muscovitic sandstone........--..---.-.-------------- 110 
Red, very fine-grained, muscovitic sandstone..............------------ 120 
Brick-red, very fine-grained, muscovitic sandstone.......--..----.----- 130 
Sanie. s2a-e5 ose Seisis eccaaivinsins oo 09 alae cd RES Sete eer are es sleet 140 
SAMO « «,onaieie dee os oS e eisai nies create te ese eee eee vee eel ae eee 150 
Gray, very fine-grained, muscovitic sandstone .............--..-------- 160 
Dark-gray shale.<...25./2-62c2 ssosbantions cee aee a seem ne sereaee eeisieee ease 170 
Same. o- 20 secs Ses SSS eciceue cei er eee ere rere tee ate eee 180 
Brick-red shale zoos. sa.cig Stee ace dees etic Seno eee ann oe ee roe rae 190 
Brick-red, shaly, muscovitic sandstone... -.....---< w2sce- -oenecenes == 56 200 
Same... sccccs cn edacs elessiane acca eon ee heme oe erie eee eee eee 210 
Brownish-gray,shaly sandstone: --..-.-4e-sries-eesee sarc soaates aera eele 220 
Dark-pray, shaly sandstoneic 26 =. .aee sae see le eel ate eee elec eae 230 
Ct: pee aE RNS SAE ean a Sets oF OLEH pate acee roe eTeS Fae see 240 
SAMO. « - 2s in oo odie eld els Soe cere ara een eRe ete ot ae elt tere ee 250 
Pale-buff, shaly sandstone: = Ses ace ae os seca cero eles caesar eee 260 
Chocolate-colored, fine-grained, micaceous sandstone --...--..----.---- 270 
Like 260.2... .0scsessbous soeeaebeeesetn see st aoe tet cede eek ee ate 280 
Light-gray, fine-grained, micaceous sandstone.-.....-...--...---.-.---- 290 
Dark-gray shale. 2. 2.25 ze ase oc eee eee ae eee ea ee ee ee 300 
SaM. 5400 osc nd nce deco Rear thee as heise Seer Seen 310 
Same... . 25 sasciersie diode dap eee seen eine ee poeta Gee eae emeemes 320 
Reddish-gray, fine-grained, micaceous sandstone. .......----..-----.--- 330 
Dark-gray, fine-grained, micaceous sandstone..--...----.-------..----- 340 
Dark- gray shales.-225 cen ee aoe eeae nee aces ee de ee ere ne ee 350 
Dark-gray, fine-grained, micaceous sandstone.-.-.-.......--..---------- 360 
Reddish-gray, fine-grained, micaceous sandstone. .......--...---------- 370 
Brick-red, fine-grained, micaceous sandstone ..-.....---..-..----.----- 380 
SAMO: & 2 ccc je\c ci tae eee ee ee ere rere aeid'steials Semieaeocelgcesmeee os 400 
Same... 25 5268 concen eas 2 Sie eee oe ee Pompe ce 410 
Gray, fine-grained, micaceous sandstone .....-.....- dep ioe ciatisanameces 420 
Light-gray, fine-grained, biotitic sandstone..........-.-.--.-.--------- 430 
Brick-red, muscoyiticsandstonese- eons] ] see ace eeeeete eae eee eee 440 
Same 22522552 cecceseeee bod dices giemsen co ceiuiee sie nieiceistee caste cee meee eee 450 
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WELL AT HOLYOKE, 


Artesian well of Parsons Paper Company, at Holyoke; near west end 
of dam; October, 1884. KE. W. Chapin, superintendent. The samples in 
this series were especially clean, and the method of boring favored the 
production of large fragments. All the samples are very fine, and the 
distinction drawn between shale and sandstone is a very close one. The 
specimens were carefully bottled and labeled with depth and date, and 
given to the Amherst College cabinet by Mr. Chapin. 


Record of artesian-well boring at Holyoke. 


Kind of rock. Feet. 

Saudreuca(MOv reported jms sae ss aa eer ae ae sae eae see ce ees 0 
Surface of rock: a dark-gray shale, black when wet; much efferves- 

cence with HCl; melts to light-yellow glass................---.-.---- 85 
Same black shale; small drusy surfaces of calcite crystals, apparently 

R? with edges cut by —2R and apex by —4R.........--...---.------- 102 

Fine sandstone, dark chocolate-brown, slightly calcareous, micaceous..| 113 


Same sandstone, slightly redder and more flaky; same calcite crusts as 


Same very fine, micaceous sandstone, dark-gray; some grains colorless; 


sandstone with biotite and muscovite scales.......-.-.....-.-------- 130 
Fine, light-gray, micaceous sandstone; abundant caleareous cement.-.| 132 
Mixture of 132/and/ 4150; ¢aleite-crusts......:-22--< s--0-..ce+ee cee we 140 
Dark-gray shale; calcareous, pyritous grains -.-......-....-.-.----.--- 150 
Fine-grained, chocolate, micaceous sandstone, a little coarser than any- 

chin cepmecedinpymcalCaAveOUs asses ena e ene eer ao tee eee os cate css 160 
Dark-gray, highly calcareous shale; silky, white, acicular efflorescence 
Mronscnre erate 7 2 Vater Ne cee Pee hes vie cy 164 
AlN Cage GA ees ae mete aste aa ee cick mec aheicclssececio-b ee aeecahes 176 
Samesassl bE meer care wice eee nc eats Sea dc ccce ae decwlandeneasue des 190 
Same as 190, but more calcareous; like the finest-grained, thin-bedded 

sandstones, which often show insect tracks ............---.--.---.-- 200 
Same: as 2 eee meee ne tee ee emerson ae seer mae cate cnc oss sii 215 
Mixinre Olea | amo Ueeteeea re ae aetiace ae eee mice sian ae cce asec sce ecece 223 
Bluish-black, slightly micaceous shale; very calcareous.........-.---- 230 
Dark-gray, micaceous and pyritous shale.............-..--2-.----. «--- 235 
Hine; black Vealeareousishales.- se esen-s aces a2os se ace ec ines Sedona nn 240 
SN CAG 24 Oana te went Sele sesinc stor etiele we) wa veeclc cree ee 244 
Dark- ora vical careousislial eumatmn tam ecemcckc trl ses cecic nce Secile ceciee oss 255 
Dark-chocolate, shaly sandstone .........-....---------- --2- eeeee eee 260 
Mixture of 260 and gray, shaly sandstone.............--..----.-------- 270 
DSAMeiaS 20 soeiet eee Aaeee we sin em see eae ae aeowes seheicemceae 280 


Mixture of dark- and light-gray shale; many grains show efflorescence 
of iron 
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Record of artesian-well boring at Holyoke—Continued. 


Kind of rock. 


Dark-pray shale... .< s220 sec ccna neem cme hae ae ecne lias a-lemei- mes asece= 
Black shale.....-...2-.-- BS oC OBES Oa Seng Dnt Grane Sm anene Solis 
Light-gray, calcareous shale .......-.--.---.------ ---- ------ ----+------ 
Dark-gray, calcareous shale.......--. ---- ence 2-2 2-- - 2-3 1222 -- wn eee 
Dark-chocolate, fine-grained sandstone...-..--....---.---------------- 


Same; moremicaceous...- <---> lascieena see el ei el el 
Black shaleie. accede o eres co are a ener oie ew eae ce alee ate tte tel ree 
Gray shaless2% 22422256. 2% abe oeeee a heen seme ree ee eee 440 
Dark-gray shale with layer of light-buff, highly calcareous sandstone.-| 460 


Dark-chocolate, shaly sandstone...-.- 02-22 soc aera etme e ee reno es ene 472 
Same s aICACOOUs << 5-5. 20 eee Sek lenient ree pete etait See 475 
Dark-gray shale with admixture of 476 seecee ss. oe ieee eee 485 
Dark-gray shale; layers of fine-grained, light-gray, micaceous sandstone.|. 490 
Dark-gray shale; micaceous and only slightly calcareous ....- .---.-.- 500 
Reddish-gray, fine-grained, shaly sandstone........-------------------- 505 


Chocolate-colored, fine-grained, muscovitic sandstone..--...----.------ 510 


i 


Parsons Paper Company, Holyoke, Mass. A separate partial series 
from the same well as the last. Samples deposited in collection at Amherst 
College. 


Record of artesian-well boring at Holyoke. 


Kind of rock. | Feet. 
Red-brown, fine-grained, marly sandstone, very ferruginous..........-- 250 
Black shale. sco. .c-sscecccee eect oe ee Jaen ads acetate eee eee 365 
Very coarse, rusty sandstone=- <2 2. -)\.-- oo ee cai sce sees ee eee 400 
Coarse, darkisandstones.c: 5. 6- a -.coneeee cee cece an oglelsia gvaie O sie eae ee 420 
SPs) PaldN Mllt oso oan Soae BOSsOs DEBeGr Soo AESbas CoSaGr case no koor oénance 425 
Black shales 228). © cscs seme cnn =e So Oajseenwiejeatr eres sss =e SS eRe 435 
PSE a SRS SBC Den An sn OSRO DHE DES SECOC Memo Iene Jeb dnioecoes ace ae 445 
Dark-brown: sandstone <2 22/5 <2 2-2 su cle weenie = ee aero ante seme eee 455 
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fecord of artesian-well boring at Holyoke—Continued. 
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| Kind of rock. Feet. 
Derk-browmreamdstone soe. coco cde ook cede oo ce ee pews e se de Seow 460 
SPOUSE FEI Sc a Se Ae Ree a in ae A rr 480 
ERIM UN OUPMIH AE We ae reece meee os oe vide leo shkcok Gon cc ice «acs - 490 
War puow iu saMaGtON@ a. soooeses.d coef oc oe aedeh cnt cack csc .. cee 500 
Dame, contse gneiss grainspe lo. c~.2 cs -<----csice-ce--acc_ssc-eu--- 530 
PANC es OHahy BANCRUOUG cece. 42. knde'ioe conn» oles sees cen --+ 0. 565 
Bohl ebay Bualy SANGSUORG: Sotho es occas sserie<<r bisa ceutceuccetecuce 570 
SULT ILE EOI TSN Zs aor i ee eg 590 
Dark brown-gyay, marly sandstone... -..-.--..--.-c--s.-.-c..-2-. 0... 615 
ECON asia te tee Malice ee un a Ge lees ecko u 645 
Coarse} rusty, granitic sandstone........--.. J. .c-. e-ccne cocceecoce--e. 685 


WELL AT NORTHAMPTON. 


Northampton, at Belding’s silk mill, south of the railroad station. Com- 
menced in 1885. Depth, 3,700 feet; mouth of well, 125 feet above sea 
level. In New Red sandstone. Samples furnished by the borers of the 
well and deposited in the Amherst College collection. 


Record of artesian-well boring at Northampton. 


[Abbreviations: q, quartz; f, feldspar; m, muscovite; b, biotite; g, garnet.] 


Average 
Kind of rock. grain, in Feet. 
millimeters. 

ETC eatin 2a Ghee S ConA Ee Ae ee eee ie See nD een 0 
Cla vate ene eer rr ies aoe ae Sa ata ck mee avec weal beh cue. 140 
Keds sandag@imonabl ye: Fill Ve. onc see. cetelee tes bee cee cecealbsesJ5ece. 150 
hed sandstoney DOPINGS 5... sccec0s tus ver ees co-eds eceslec ood once 535 
Coarse, buff sand, white to amethystine quartz, flesh- 

eiloredteldapar grail 2.20 cy obe.s <2. sods asic coc els sec 1} 682 
Similar, but finer and more rounded grains.............. : 692 
REINS s Snel SS. SAE a re Re Sh ee $toli 710 
Same; few scales muscovite and hornblende ....--...-.-. +tols 730 
Saree ener tea ass ofa o kites mas oteets cocadeaeck $+ to 14 750 
Same; many grains deep red-brown from rust covering, 

which has been usually worn off by the attrition of the 

Ore TS Ae ena Sec ricci Ie Ca a Pe +to14 780 
Very fine, buff sand, quartz, orthoclase, and abundant 

MUS CO vibes calossme earn acs ecke coos sete hh oon oe + to lt 910 
ILEUS VRID BRA ris S50, cre Sae eS cets oS ean ea a ee 930 
SEO Sioa BSS BUBASN aS acct rcaae Racer See er Tera eet Okan ree 950 
Buff sands, quartz, feldspar, little muscovite....-....... 4 970 


MON XXIX——25 


— 
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Record of artesian-well boring at Northampton—Continued. 


[Abbreviations: q, quartz; f, feldspar; m, muscovite; b, biotite; g, garnet. ] 


Average 
Kind of rock. : rain, in Feet. 
millimeters. 

Buff sands, quartz, feldspar, little muscovite..---.------ 1 990 

BREE Pee ere rina or arecoo cHOnobecsQckn noes il 1, 010 
Finer, darker-brown, much mica...--------+---+---++---- 4 1, 030 
Coarser, light-buff, granitic, q. f.m.----.------+--------- 14 to 2 1, 050 
Same, q. f. Mm. b... 22. -- 208 ec ene He enen enc cns saeneasccecs 14 to 2 1, 070 
Mame... ccices~ cs eee canie bes selects eae melee nepal aleeitets sine 14 to 2 1, 090 
Same. ..+- cee ace acecewe oor wlnele lee ells is acerainia als (elee l= iiolale a 4 to 13 1,110 
Same wc oacie alae o2 <ccls ete neta oles ole tee erie es te Ceara $tolt 1, 130 
Sam6iwiecs 2 co Seat aoe eee eeeieerer ne eats Sota a4 4tol3 1, 150 
Light-buff, granitic, q. f.m. b.-----------+-- sass Seren 1 1, 170 
GAMO os wie cece ne de ome atela wists Stee het ete te meee ers eleteretareeeateree le 1 1, 190 
Same. occ sccuniac celes eos see Cee emetic melee bia nila ain 1 1, 210 
Fine, light-buff, granitic, q. f.m.b.-..------------------ 4 1, 230 
Fine, light-buff, granitic, q. f.m. b. ; (ty NES Senaoaonaecer + 1, 250 
Light-buff, granitic, q. f.m.b.--- -------+------e0re+ 20> 1 1, 270 
Game occ 2 Gh wnat c ccd cmeeeeeeclsae Sei) Eats alone miei 4 1, 310 
Ei: ee eS ER Sars Ss Gn Sac OSE COT be cori SScc1Ge $+ tol 1, 330 
Fine, light-buff, granitic, q. f. m. b.---.----------------- 4 1, 350 
Same. '. cc won faennnidedsles eB ea eaess bie seimel= missle cunts tto2 | 1,370 
SaMe . «cc cw seme cilceoe abetacever sate seieeesitem= Malieaialel== ois +to2 1, 390 
Same..: 2. -25c dbo os bee eee eecleo te eee aia esi wms elas tes = $tol 1, 420 
Sartie..<. cebeee le peer Beet RMS I 5 NT anes Bae ee $ tol 1, 440 
Same. ...<¢cecedlecescemeeeesereetireats onctee taewalm nim sal +to2 1, 460 
Game. 5 = bedmiedb cep nicle lera= ie a te teie ele ete tel = nie o> wlermieararnlaiuin cl +to2 1, 490 
Shaun «occ sis ac bd het Aue ee atc et ate matte i + to 2 1,510 
Same. <scstces sas ea eee elke acta eel eto aisieze a= [= int=i aims +to2 1, 530 
Medium, buff sand, q. f.m-...--------------+------------ 4 tol 1, 550 
Medium, buff sand, q. f.m.; few worn grains black slate..| + tol 1,570 
Same. <i. 260 cdesic caste aaa a wioteettohacnis asians ao) nelaie i= +tol 1, 590 
Medium, buff sand, q. f. m.; white slate.--.-------------- +tol 1, 610 
Ot A ey SP eed promo Hat Semon Coo +tol 1, 630 
Medium, buff sand, q.f.m.; black slate..--...----------- 4 tol 1, 650 
Same. .2cdac ule cs asec al cache letataste ets sista ols sivialivie wermi=— oie ania +tol 1, 670 
Same. <2. ces cee sek soa de a retnels Bee eiaeialalaimeielneninlolne amie ttol 1, 690 
Coarse, buff sand, q. f.m.; black slate....-------------- 1 to 3 1, 695 
Medium, buff sand, q. f.m.; garnet, slate...-.----------- ttol 1, 710 
Medium, buff sand, q. f.m.; slate... --..----------+-+--- $tol 1, 730 
Medium, buff sand, q. f.m.b.; slate...-..--------------- ttol 1, 750 
Sam6s.bcceannesls s haee pee alone eke a ese ie ageism +tol 1, 770 
Medium, buff sand, q.f.m.b.; slate trace....------------ +tol 1, 790 
Baimi6. Jc ha lace tenuis ee eer Eee tto1 | 1,810 


ARTESIAN WELLS. 


Record of artesian-well boring at Northampton—Continued. 


[Abbreviations: q, quartz; f, feldspar; m, muscovite; b, biotite; g, garnet.] 


Average | 
Kind of rock. grain, in Feet. 
_ |millimeters. 
Medium, buff sand, q.f.m.b.; garnet................---- t+tol 1, 830 
Medium, buff sand, q. f.m.b.; garnet, slate trace. ........ +tol 1, 850 
Same....-... jo REREE  SOSER  SER oe one en +tol 1, 870 
RH See gare SoSeer RSH as Mee eee ae LS eer ema reese +tol 1, 900 . 
Medium, buff sand, q.f.m.b.; slate trace......:......-.. +tol 1, 920 
BEN SBE CSAs s PIES OR Sets Res NCTE ees eres =m anaes $to2 1, 940 
AMMO Baer ie ter oleae eee ak hn 22 Ae oy ey! +to2 1, 960 
MNS.. CSRS atte Sere qe Ss SA NEG Bo! see me ane Mee a + to2 1, 980 
SS SIT O cRreve ere tet cee ae apn cee A iene een ae. ald Piggy eS 9 + to2 2, 020 
SETHI cir Ss Seg a SE SEER cacy ne + to2 2, 030 
EEC scape, OS ee 13458 LSSA Hae acosaaensd pees +tol 2, 040 
Medium, buff sand, q. f.m.b.; magnetite etneraia tebe ncicet omnis 4 tol 2, 060 
Medium, buff sand, q. f.m.b.; slate trace.............--- + tol 2, 100 
ELITES BR BE Shinn GRAS CI een Seen aR RRS nih Ui Ree aN +tol 2,120 
SAIN OSE ence peti oe rae cite oie aise ares oe weenie cee oeacrs + tol 2,130 
SS OING Meets spe ope sey eae ined See toe es + tol 2, 140 
REMY a ab ec. SE nr Co ao 6B eerie GSCEa Se Se Sea ae oh a ea 4+tol 2, 150 
SPU GG Gas Sane Be Seem Ee BE Stas Gee Ra ge trae vee +tol 2, 160 
DENTE Lc eieas GSHe Oo. Socees BESS e SHC EER erst sae erage cn RE ttol 2,170 
OD RIE Oe ete ta ale op en 9 o's eo aa cee Sci $ tol 2, 180 
SAMO seer ee eet rome a Pe aoa ie. oe Pat ris Se +tol 2, 190 
Sel Ome eset ties SPER CS Soe ce wh oo ck a ke clan oa exw Gee +tol 2, 200 
RIES Gelbetia 3 ot Be Sone aes So Se Rene ae ane pay Sane ee ee $tol 2, 210 
SEHR oc Bear qadeke cess Ona See aes aaa eee ae ee $tol 2, 220 
SIO Se BABS ae Sta ee. aE He eee eee a ea +tol 2, 230 
AMG sae ceer eet ae oe Scie eae wuee Poeun euce os ttol 2, 240 
SATIN Setere reer ere tee setae See eerste ccs eee nc ee Geo +tol 2, 250 
Samer sere encase ie yeh als ee ee 4 tol 2, 260 
SEDI ie SS io Syl od yt eta nS a GN ae $tol 2, 270 
Same! see ee eae) sete Ee eee +tol 2, 280 
OAM On sea eee mete oes cee ne nee we ee gtd +tol 2, 290 
Sailers ere ae eer nen ak eee teiey Me ote Nene +tol 2, 300 
SAM Cee oe eee Aas eae AUP aoe ocscen ec oeee +tol 2, 310 
PSE tee HAR SAX COD GC mot Cg Ea eo ee +tol 2, 320 
ALO Foe eet hehe Oy Sie te ARS Pp Oe aR re RE Pas $ tol 2, 230 
Namie Fog. waters ate peepee eae ois as cece cacmnc oe acedece ate +tol 2, 340 
Medium; bit sand qnda meres, 2ee ios ncetsoeseeecn ence. +tol 2, 350° 
Saln@x,.5- 0 Jasaccda tinct oan eee eae en. oe +tol 2, 360 
(DUI pee Sie SHES SE GEC OSes SECs See aE LOE ae a oe +tol 2,370 
Coarse, brown sand, q. f. m.-:.......-.----- see ene wen ee 1 to5 2, 380 
(SENT SAR Ase Me aici Ja oc pee ene les ai aoe iS SAW EE 1 to3 2, 400 
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Record of artesian-well boring at Northampton—Continued. 


(Abbreviations: q, quartz; f, feldspar; m, muscovite; b, biotite; g, garnet. ] 


Average 


Medium, brown sand, q. f. m.; more rusty 
Fine, brown sand, q. f.m.; morerusty...-.....--.-.---.- 


Medium, buit'sand, qsfjamtereneee eect eee eee ee eae es 
Medium, buff'sand, q/fjmetesteeteeee econ ences =e eee. @ 


Kind of rock. ain, in Feet. | 
~|millimeters. 

Coarse, brown’ sand, q. 7, Meso-asmsoseeeee neta clee teres 1 to2 2, 410 
CE ee ae AAA era rrr pomubcaabodkcodcagseacondtses 1 to3 2, 420 
Same... i020 cea Ste cee tanced (eet eee see eee Sil hea Tote) 2, 430 
Coarse, brown sand, q. f. m., 1 grain 10™™; second piece, 

deep-red, fine, micaceous sandstone..........-.-...---- 1 to3 2, 440 
Coarse, brown sand, :q. f.m.22-3ts2-eecoe ee eeceeeeneet eee 1 to3 2, 450 
Medium, brown sand;.q.-f.m:<+:2+-2s0 eee este eee eee ee 1 to2 2, 460 
Same. .....c25-2..05 522852 bese eeeces eens see eer omens 1S to:2 2,470 
Fine; buff sand,gq. fam 2-2 e-c2s2eee ese eee eee ee eeeeeee ee ttol 2, 480 | 
Medium, red sand, q:.f. m2 .22.22s-eeen eee eee eee eee 1 to2 2, 490 
Medium) reddish:sand, q: f.m=2-22 sess -ssc eee cee eee te eee 1 to2 2, 500 
Saine. .. 5055 Poss see Sees ce ee ete een Oe ee Eee 1 to2 2,510 
Same... ..4.s. bes ce cb bok cee en eee See Oe eee eee eee 1 to2 2,520 
Same... oteens sce aee ses eenee Rete eee eee eee Sa Sk 1 to2 2, 530 
Same... ce aches sect bese eae ae eee eee eee eee 1 to2 2,540 
Samp. <.b's 20225 JLev See ees ete eeeen eee ete e ere 1 to2 2, 550 
Medium, buff sand, q:d.m-> 22-22) -oeeee nee sere ee eee 1 to2 2, 560 
Same: 02. eccst ah ccee eee eeee eee eee ee eee eee eee 
Same. ..co a So sieu ce pest ee eRe eee eee eEee eRe Ree ctes 
Medium, buff sand, q. f. m.; more rusty.........--...---- 


PSEUDOMORPHS OF CALCITE AND DOLOMITE. 389 


WELL ON WESTFIELD LITTLE RIVER SOUTH OF WESTFIELD. 


Artesian well at Crane Brothers’ paper mill, on Westfield Little River, 
south of Westfield; bored by Daniel Dull, New York. Sunk 1,110 feet in 
conglomerate; unsuccessful and now closed up. A soft, black, pulverulent 
layer reported. 


PSEUDOMORPHS OF CALCITE AND DOLOMITE AFTER HOPPER- 
SHAPED CUBES OF SALT. 


It has been reported for many years that chiastolites occurred in the 
sandstone in West Springfield. but I can not find that anything has been 
published upon the subject. 

Specimens containing small white crosses of about the size of ordinary 
chiastolites and having some resemblance to them were brought to me 
some years ago by a student, who informed me that they were discovered 
by Mr. B. Hosford, of Springfield. These specimens were lost in the fire 
which destroyed the Shepard collection. Later, through the kindness of 
Mr. J. 8. Diller, I received another specimen with permission to sacrifice it, 
and I had several slides cut from it. It shows white squares and triangles 
on a black ground of fine-grained, shaly, bituminous sandstone, but this 
ground is not marked off from the rest of the surface of the sandstone by 
any square or round boundary representing the cross-section of a prismatic 
erystal in which the white lines should be diagonal, so that the resemblance 
to chiastolite is only superficial. These slides are figured in the Miner- 
alogical Lexicon’ of the three counties. 

On touching the white areas with acid an abundant effervescence 
occurred, and under the microscope they proved to be made up of calcite, 
quite white and coarsely granular down the central portion of the bands 
and very finely granular and gathered in minute rounded concretions just 
visible with the lens on either side of these central bands, the concretions 
grouped with more or less of the dark material of the sandstone inter- 
vening, so as to give the whole a brownish shade. The calcite was not 
confined to these bands, but impregnated large portions of the sandstone, 
so that, when polished, parts where there was no calcite remained dull and 
other patches took a fine polish. It is plain that cubical crystals of salt 


} Bull. U. S. Geol Survey No. 126, 1895, under “Salt,” 
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with excavated hopper-shaped faces had been embedded in the mud, dis- 
solved out, and their place taken by the calcite, which has largely impreg- 
nated the sandstone, but which shows the white color only where it EE 
the cavities of the salt hoppers. 

The locality as given me by Mr. Diller is ce the south bank of the 
Westfield River, in West Springfield, near the water’s edge, and just below 
the large dam some distance above (west of) West Springfield village. 

Later a specimen was found at Holyoke, near the west end of the rail- 
road bridge, and is now in the Smith College collection. It is larger and 
much more delicate than the Westfield specimens. It is figured and described 
in detail in the Mineral Lexicon! The piece must have come from a very 
short distance northwest, and I have observed single hopper-shaped casts in 
the shale at the cutting within the city of Holyoke, and similar forms on the 
shale at Ashley’s pond, farther west, and at many other localities in the 
shale. In 1895 a large share of the finest specimens collected by Mr. Hos- 
ford came into my possession—the best piece of all through the kindness of 
his daughter. This is a finely ice-polished slab of black shale, covered with 
small white figures, three or four to the square inch, in great variety, formed. 
by the various cross-sections of single and aggregated cubes, whose faces 
were excavated into hopper shapes to various depths. Three-rayed, four- 
rayed, and six-rayed forms were most common. The center of each ray, 
marking the trace of the six planes which connect the cube edges, is gener- 
ally very dark, so that it stands out against the white calcite, and where the 
faces are only slightly excavated, so that the calcite is now nearly a square, 
the resemblance to a chiastolite is striking. This darker band is calcite 
colored by petroleum or coaly matter, and in some cases it is a quite wide 
band of pure asphaltum. 

It would seem that the solution of the salt and its replacement by white 
calcite progressed slowly from the outside at a low temperature. At the 
last the central band of salt was removed and calcite took its place when 
somewhat more elevated temperature prevailed, so that bituminous matters 
were distilled into the empty spaces along with the last calcite. In other 
specimens cubes are found with only slightly excavated faces, which are 
made of quite coarsely crystalline calcite, irregularly colored by bitumen. 
Other pieces have slickensided faces, with surfaces of fine-fibrous graphite 


1 Bull. U. 8. Geol. Survey, No. 126, 1895, under ‘‘ Salt.” 
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(which is remarkable, as there is here no other trace of marked heat 
action), together with veins of coarse-fibrous calcite, grains of galena, and 
films of gypsum. Other cubes are flat-faced, but a little elongate, and made 
of fine-grained calcite. At times the rays are broadly bordered by delicate 
feathery growths of white limestone, which shows a fine, concretionary, 
almost oolitic structure under the microscope. 

The thin-bedded rusty sandstone from the island at Turners Falls, which 
contains the ferruginous concretions, contains also remarkable salt pseudo- 
morphs—skeleton cubes with each bar nearly an inch long. The interspaces 
are now filled with limonite, which was doubtless at first.an iron carbonate. 


THE USE OF THE TRIASSIC SANDSTONE AS A BUILDING STONE. 


The Sugar Loaf arkose is somewhat used for rude masonry, such as 
embankments, walls, bridge piers, etc. The large quarry on the northwest 
shoulder of Mount Tom furnished the stone for the piers of the railroad 
bridge over the Connecticut River at Northampton, and had been long 
worked for similar purposes. The rock is too coarse for architectural use; 
if it were not its light color would make it very valuable. 

The Longmeadow sandstone, under the name ‘ brownstone,” has been 
for a long time in high repute as a building stone of the greatest value, and 
it has been exported to great distances and employed upon the most expen- 
sive buildings. The report Mineral Resources of the United States for 
1890' states that the sandstone produced in Massachusetts during that year 
was valued at $649,097, and of this amount $563,179 was furnished by 
Hampden County, and came from the quarries extending south from Six- 
teen Acres, in Springfield, to East Longmeadow. 

The following, copied from an article in the Springfield Republican 
of May 9, 1884, and verified by me in all important particulars, gives a 
good account of the industry at that date: 

The Norcross Brothers are the largest shippers of stone from East Long- 
meadow, having last year loaded 115,000 cubic feet of brownstone for building 
purposes on about 900 freight cars. In addition to this amount, 35,000 cubic feet 
was quarried during the year, but kept in the yard to furnish winter work for the 


stonecutters. Two quarries, located within a mile of the East Longmeadow depot, 
the Saulsbury and Kibbe, furnish all but a small part of the product and give 


1Issued by the United States Geological Survey, p. 402. 
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employment to about 200 men for a greater portion of the year. There is also a 
third, yielding a finer-grained, harder stone, which occurs, however, in a thinner 
stratum and at greater depths below the soil, so that it is now used only on special 
orders. All the stone is brownish-red in color, does not flake on exposure to the 
weather, is free from stratification, and evenly hard throughout—that from the 
Kibbe having a somewhat richer red hue than the others. The quarries are located 
on nearly flat ground, and the sandstone croppings are over 10 feet thick, with a 
dip toward the southeast of about 10 degrees, As the line of the dip is followed 
the stone becomes finer in texture and harder, and the stratum also thickens, until, 
when covered by 20 feet of soil, it forms a layer from 20 to 30 feet through Above 
the stone is found a mass of slaty brownstone, and below it is the same material, 
although explorations indicate the existence of another stratum of good rock at a 
small distance below the first. But little powder is used in quarrying, most of the 
work being done with picks and wedges. Blocks weighing im the rough from 5 to 
6 tons are frequently taken out and sometimes shipped uncut, and one block of 12 
tons weight has been successfully quarried and raised. Water causes much trouble 
and expense, and in the Saulsbury workings a steam pump, throwing 60 gallons a 
minute, is employed for an average of twelve hours a day to keep down the flow 
from springs and surface drainage. The quarry work lasts from April to Decem- 
ber, and during the winter months a force of laborers is employed in stripping the 
rock and removing the soil and waste to old workings. About half of the stone 
quarried is dressed before shipment. 

The firm is now using Longmeadow stone either in solid walls or as trimmings 
on the following contracts: The Union Theological Seminary, a four-story 200 by 125 
foot building, on Park avenue, New York, which will cost $300,000 when finished 
in May: the St. James Episcopal Church, to cost $125,000, and cover a space of 
120 by 72 feet on Madison avenue, New York; the Jefferson Physical Laboratory 
for Harvard College, a four-story building, 70 by 212 teet, with the peculiarity that 
in portions of it no iron, even in the form of nails, will be used on account of pos- 
sible magnetic action; for the University of Vermont, at Burlington, a library 
building of Kibbe sandstone, to cost $100,000; on Eighth street, St. Louis, Missouri, 
an eight-story 64 by 130 foot building, to cost $225,000, for the use of the Turner 
Real Estate and Building Association; at Lawrenceville, New Jersey, eight buildings, 
to cost $325,000, for the Lawrenceville Academy. The Norcross Brothers quarry 
three shades of stone, the trade names by which they are known being “‘ Maynard,” a 
bright-red stone; ‘ Kibbe,” a dark-red; and “‘ Worcester,” a brown. 

There are a number of Springfield men interested in getting out stone for 
buildings, and the East Longmeadow quarry of James & Marra, of this city, lies 
near the Norcross Brothers works, and the stone obtained from it much resembles 
the Kibbe rock in quality, although of a slightly lighter color. The quarry was 
first worked about sixty years ago by a man named Saulsbury, but only small 
amounts of stone were taken out until it passed into the hands of Nathaniel Billings 
In 1882 the present owners bought the property of him, and have since added to 
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it, until they now own 174 acres of good stone land and two more quarries, both 
of which have been opened, but are now unworked. In the Billings workings the 
rock was 20 feet thick where first quarried, but by following its dip of about 10 
degrees to the southeast the owners find it increased to 40 feet of unstratified and 
little seamed stone. About 20 feet of earth cover the layer of stone at present 
worked, and below it is found a deposit of soft, shaly rock. Water is a trouble- 
some feature of this quarry, and a steam pump is kept at work much of the time. 
During nine months 85 men are employed around the works, 10 of whom are 
‘stonecutters; the same firm keeps 25 cutters at work in the Franklin street yard 
in Springfield. About 100,000 cubic feet of rock was shipped from the quarry last 
year, and nearly half of this amount was dressed before it was sent away. The 
largest contracts for stone either completed within a year or now being finished 
are: An order for 20,000 feet for Judge Tree’s house in Chicago, Illinois; for the 
Union League Clubhouse, Chicago, 35,000 feet, and for the Second Congregational 
Church, Holyoke, 35,000 feet. 

The Springfield quarry, located within the city limits, 4 miles out on the 
Hampden road, owned by W. & E. W. Pease, was first worked in 1882, and lies 
on a tract of 30 acres, bought from John Rockford. The ledge first quarried was 
90 feet thick at the croppings and of fine quality brownstone, but at a few feet 
below the surface a large spring was struck, which made operations too expensive. 
In the second opening two ledges, each 12 and 14 feet thick and separated by a 
layer of shaly stone, are worked, and 20 feet of sand is at present removed to get 
at the deposit, which dips toward the southeast at an angle of about 30 degrees. 
Water has not yet proved troublesome. About 50 men are employed, and last 
year nearly 100,000 feet of stone was shipped over the New England Road, mainly 
to the eastern part of this State. The Palmer depot and the new Taftsville mill 
are conspicuous examples of buildings trimmed with stone from this quarry. 

The Carlisle Stone Company owns a brownstone quarry not far from Sixteen 
Acres, and last year employed 26 men and shipped to Boston by way of the Indian 
Orchard depot 25,000 cubic feet of rock, of which only a small proportion was 
dressed. A tract of 60 acres, including the present quarry, which was first worked 
four years ago, was bought by the company in 1881, and the stone obtained since 
that time has been of fine quality, although of a lighter red color than Longmeadow 
stone. The stratum is 18 feet thick, dips about 15 degees to the east, and is cov- 
ered by 12 feet of sand and 2 feet of hardpan. No shaly rock is found, but flinty 
bowlders occur, and water causes considerable trouble in the spring months. 

M. A. Glynn works a quarry at East Longmeadow, about a mile north of the 
depot, and obtains a fine quality of brownstone, which he sells undressed to several 
New England dealers. The Glynn quarry was opened ten or twelve years ago, 
but was worked only a little. It was bought, with 7 acres of land, by the present 
owner a year ago from the Enfield Shakers, The rock is covered by 5 feet of 
earth, without hardpan or shaly material, and is of uncertain thickness, having 
been worked only to a depth of 16 feet as yet. Water is not troublesome. Last 
year 8 quarrymen were employed and 12,000 cubic feet of stone were sold. 
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Mr. George P. Merrill! gives the following data: Price per cubic foot, 
$1 to $2; cost of pointing, 10 to 15 cents; ax-hammering, 30 cents. An 
extra price is charged for blocks of more than 25 cubic feet. Strength of 
the sandstone per square inch, 8,945, 8,812. 

The stone sells now (1893) for 50 to 70 cents per cubic foot deliv- 
ered at the station, while the Berea stone sells for $1 per foot delivered in 
Springfield. 

PALEONTOLOGY. 


In the following section I have given, by means of the synonymy, the 
history of opinion concerning each species known to me, and each locality 
where the species has been found. 

I have not, however, given special attention to the foot-tracks, and 
present only the latest list of species prepared by Professor Hitchcock. 


PLANTS. 
FIALYMENITES SHEPARDI E.. Hitchcock. 


1833. Fucoides sp. E. Hitchcock. Geol. Mass., p. 233, pl. 13, figs. 38, 39, 
1835. Same. 
1841. Fucoides shepardi EK. Hitchcock. Geol. Mass., Final Rept., p. 495, fig. 95. 


These forms occur so abundantly throughout the central areas of 
fine-grained sandstones and shales that I have often called these the fucoidal 
sandstones. The best locality, in addition to those mentioned below, is at 
the water shops in Springfield. I append Hitchcock’s description, premising 
that branching is not so rare as it would indicate. Bands of the sandstone 
several feet thick are at times filled evenly full of these rods, and inter- 
vening bands are empty, as at the mouth of Fall River: 


This relic varies in size from one-tenth of an inch to an inch in diameter. More 
commonly it runs through the rock in a direction corresponding to that of the laminz, 
in which case it is considerably flattened. Sometimes it passes obliquely through 
the layers, and very commonly crosses them at right angles, in which last case it 
has a cylindrical form. It is rare to see a specimen of any considerable length that 
is not more or less curved, and I have never met with one that was branched 
at all. I have noticed specimens a foot or more in length, and they may be much 
longer than this, since I have not met with any large mass of rock containing them. 
The sandstone in which they are found is rather fine and quite soft and easily 
disintegrates. They occur near Hoyt’s quarries, 1 mile west of the village of Deer- 


1Cat. Nat. Mus., Washington, pp. 54, 499. 
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field, and also a few rods south of the county jail in Greenfield, close by the stage 
road, and on the road to Bernardston, a mile north of the village of Greenfield. 

The vegetable matter in these remains is wholly replaced by sandstone. By 
breaking the specimens transversely a curious structure is revealed. It may be 
described by saying that the cylinder is made up of conyex layers of sandstone piled 
upon one another; and I observe that in the same rock all the specimens have the 
convex sides of these layers in the same direction, so that on one side of the rock 
you will see numerous button-like protuberances and on the other side correspond- 
ing concavities. (No. 258.) But I do not know which side is uppermost in the rock, 
in situ.! 

L allow the above to stand, although the forms now seem to me to be 
tubular ferruginous concretions, the result of the circulation of iron-bearing 
solutions in the sands. After forming the concretions the solutions have 
gone on to cement the intervening sand into a red sandstone. 

Of the other figures presented in the Geology of Massachusetts in 1841 
as plants, fig. $9, p. 451; fig. 91, p. 453; figs. 92 and 93, p. 454; and figs. 
3 and 5 on pl. 28 (cited as 29 in the text) are dubious impressions, which 
are very common in the sandstones. Some may have been caused by 
fucoids ; others, as fig. 3, by the dragging of the roots or branches of float- 
ing trees rising and sinking with the waves. Fig. 94, p. 454, represents 
ferruginous concretions; fig. 1, pl. 28, is a track. For fig. 92, the name 
Fucoides connecticutensis is suggested on p. 453. 


' CLATHROPTERIS PLATYPHYLLA Brongn. 

1841, “Peculiar vegetable relic,” like a fern. E. Hitchcock, Geol. Mass., p. 452, 
fig. 90. Teste, E. Hitchcock, jr. 

1854. CO. rectiusculus. EE. Hitchcock, jr. Description of a new species of Clathrop- 
teris, discovered in the Connecticut Valley sandstone. Am. Jour. Sci., 2d 
series, XX, p. 22; figured in the text. 

1858. GC. rectiusculus. KE. Hitchcock. Ichnology of Massachusetts. Pl. V, fig. 1; 
Ply Vit, fig-ct. . 

1890. C. platyphylla Brongn. J.C. Newberry, Fossil Fishes and Fossil Plants of 
the Triassic Rocks of New Jersey and the Connecticut Valley: Mon. 
U. 8. Geol. Survey, Vol. XIV, p. 94, Pl. XXII. 

Locality: Bassett’s quarry, on the west face of Mount Tom, in East- 
hampton, just below the Holyoke trap sheet, in coarse, buff arkose. ‘The 
type specimen is in the museum of Williston Seminary, at Easthampton. 
A large series in the Amherst College cabinet, where are also specimens 
ony the quarry of Roswell Field, in Gill; also from the banks of the 


1K. Hiienovsie Geol. Mass., 1841, p. 456. 
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Connecticut in Montague, 2 miles southwest of the latter place, as noticed 
by E. Hitchcock in 1841. The latter localities are a coarse, gray arkose. 
I am convinced, from an inspection of EKuropean specimens in the museum 
at Munich, of the identity of this species with C. platyphylla. 

Dr. Newberry cites, also, Westfield, Massachusetts, Durham, Connecti- 
cut, and Newark and Milford, in New Jersey. 


MACROTANIOPTERIS MAGNIFOLIA Schimper. 


Small leaves for this species, about 3 inches long, and a little more 
cordate than the figures. In black shale; Turners Falls. 


MACROTANIOPTERIS sp. 
1843. Teniopteris vitata. HK. Hitchcock. Trans. Assn. Am. Geol., Vol. I, p. 294. 


From a bowlder of dark-gray sandstone on Mount Holyoke. The 
impression is nearly 2 feet long.t I can not find the specimen in the 
Amherst collection. Similar large leaves occur in the north part of 
Montague, on the road going down to the bridge to Greenfield. 


ASTROCARPUS VIRGINIENSIS Fontaine. 


A very poorly preserved specimen of a large frond with strong rachis 
and long, straight pinne. On buff arkose, like that under Mount Tom, 
containing Clathropteris. From the collection of President Hitchcock, who 
said it came from the valley, but could not give the exact locality. 


PACHYPHYLLUM SIMILE Newberry. 


1857. Walchia variabilis E. Emmons, American Geology, p. 108, fig. 76. 
1890. Pachyphyllum simile Newberry. Fossil Fishes and Fossil Plants of the 
Triassic, p. 88, Pl, XXII, fig. 2. 


Includes the larger and longer and sharper-leaved twigs of coniferous 
plants. 
Locality: Turners Falls, in black shale. 


PACHYPHYLLUM BREVIFOLIUM Emmons sp. 


1823, Unknown relic. E. Hitchcock. Geology of Connecticut River. Am. Jour. 
Sci., Ist series, Vol. VI, p. 80, pl. 9, fig. 5. 

1832. Lycopodites sillimanni De la Beche. Manual of Geology, 2d ed., p. 419. 

1841. Possibly a Voltzia. E. Hitchcock. Pl. 28 (cited 29), fig. 2. 

1843. Possibly a voltzia. E. Hitchcock. Trans. Ass. Am. Geol., Vol. I, p. 294. 

1857. Walchia brevifolia E. Emmons. American Geology, p. 108, figs. 74, 75. 


'K. Hitchcock, Trans. Assn. Am. Geol., Vol. I, 1843, p. 294. 
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1858. Cone and twig. E. Hitchcock. Ichnology of Massachusetts, Pl. VII, fig. 2. 
1890. Pachyphyllum brevifolium Newberry. Fossil Fishes and Fossil Plants of 
the Triassic, Pl. X XII, figs. 3-3c. 

The L. sillimanni is quoted above, from Hadley, Connnecticut, doubt- 
less a mistake for Massachusetts, and the plant was carried from here to 
Europe.’ It was described (1823) from the fish locality at Sunderland. 
It occurs at Turners Falls; and I have found it quite abundantly at the cut 
just south of the south line of Holyoke, below Holyoke dam, and at the 
adjacent cut on the railroad to Westfield; also in the northwest of Mon- 
tague, where the road goes down the hill to Greenfield. Its small cypress- 
like twigs often spread over slabs 2 or 3 feet square. Its small cones, 
about an inch long, are figured in the last two works cited above. 


SCHIZONEURA PLANICOSTATA Rogers sp. 


1883. 8. planicostata Fontaine. Older Mesozoic Flora of Virginia: Mon. U. S. 
Geol. Survey, Vol. VI, p. 14, Pl. I, fig. 1. 
1890. S. planicostata, J. S. Newberry. Fossil Fishes and Fossil Plants of the 
Triassic, p. 87. 
PaLissya? sp. 


Many flattened fragments of branches or stalks of plants occur, 
especially in the arkose. These are transversely jointed, from shrinkage 
in the process of change to bituminous coal, and are faintly striated longi- 
tudinally. Larger trunks occur at times as cylinders of sandstone crossing 
the laminations of the sandstone, 12 to 20 inches in diameter. 

President Hitchcock mentions stems of plants ‘converted into vesic- 
ular amygdaloid,” and he figures a specimen from a bowlder in Amherst, 
which he evidently supposes came from the upper portion of the Greenfield 
trap sheet.2 Trunks of this kind are doubtfully referred to the above 
coniferous genus by Dr. Newberry. The specimen is a tapering, rough- 
surfaced rod, of rounded, cordate cross-section, 2 feet long, 24 by 14 inches 
at one end, and 1? by 1 inch at the other. 

The inclosing rock is a dark greenish-gray diabase, of the type of 
the freshest, medium-grained rock of the Deerfield bed. 

The tube is made up of a slightly finer diabase, with steam cavities 
filled with delessite. There is no trace of tuff structure in the rock or in 
the slides of either portion. It is a case where a branch was enclosed in 


1, H. Lee, Geol. Rept. 1833, p. 233. 
2Geol. Mass., Final Rept., 1841, p. 457, fig. 96. 
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the liquid lava, burned, and the cavity immediately after filled with lava 
from above. I have collected such specimens at Kilauea. This rock 
came probably from near the south end of the Deerfield sheet, where the 
river crosses it, and where several amygdaloidal- beds show that the 
sheet is made up of a number of successive flows, one quickly following 


another. 
LopERIA SIMPLEX Newberry.’ 


Professor Newberry has given this name to the plants whose stems 
appear commonly as simple cylinders about an inch across. They occur 
abundantly in Springfield, and were filled at one locality by a sand that 
differs from that which inclosed them by its freedom from mica scales and 


its pale-green color. 
INSECTS. 


MorRMOLUOCOIDES ARTICULATUS E. Hitchcock. 


1858. M. articulatus E. Hitchcock. Ichnology of New England, pp. 7, 8, pl. 7, 
figs. 3, 4, with letter of Professor Dana. 

1862. Palephemera medieva B. Hitchcock. Am. Jour. Sci., 2d series, Vol. XX XIII, 
p. 452. 

1867. M. articulatus 8. H. Scudder. Proc. Boston Soc. Nat. Hist., Vol. XI, p. 140; 
Geol. Mag., Vol. V, p. 218. 

1871. M. articulatus A. Packard. Bull. Essex Inst., Vol. II, p. 1. 

1886. M. articulatus S. H. Scudder. The Oldest Known Insect-Larva, from the 
Connecticut River Rocks. Mem. Bost. Soc. Nat. Hist., Vol. EI, p. 431. 


These remarkable forms were found in considerable numbers in the 
fine black shale at Turners Falls, A series of slabs containing each a great 
number of indviduals is preserved in the museum of Amherst College. A 
full history and description of the species and abundant illustrations are 
given in the last article cited above. 

Professor Dana first decided that the form was a neuropferous larva. 
Mr. Scudder and Professor Packard concluded that it was a coleopterous 
larva. In the last work Mr. Scudder returns to the first conclusion, that it 
is probably the larva of a sialidan neuropteron. 

: FISHES. 


The monograph upon the fossil fishes of the Trias,’ by Dr. Newberry, 
should be consulted by anyone wishing to become acquainted with what 


1 Fossil Fishes Aa Fossil Plants of the risssie: Mon. U. 8. Geol. Survey, Vol. XIV, 1888, p. 93, 
Pl. XXV, figs. 1-3. 
2Idem. 
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is known concerning the fossil fishes of this region, and the numerous 
and accurate plates will enable him to determine ‘the name and character 
of any specimen found. Dr. Newberry says: 

Fishes seem to be equally abundant in the Connecticut River basin. At Dur- 
ham, Connecticut, and Turners Falls, Massachusetts, they are particularly numerous 
and well preserved, while they have also been obtained at Middletown, Sudbury, 
Chicopee, Amherst, and Hadleys Falls.’ 

In this list Sudbury must be changed to Sunderland, and Hadleys 
Falls to South Hadley Falls; and Amherst must be canceled, as only 
coarse arkose occurs in Amherst, and no fishes have been found there. 

At Turners Falls, on the east bank of Fall River, a few rods above the 
bridge, at the southeast corner of the island, a few feet above the point 
where the dam abuts, and on the mainland directly north of this spot, in the 
line of strike at the foot of the bluffs and near the water’s edge, many 
specimens can be obtained by digging in the black shales. 

At Whitmores Ferry, Sunderland, in the north part of the town, in 
rocks exposed only at low water, numerous impressions may be found. 
Good specimens, carefully and skillfully developed, can be purchased 
of the owners of the mill adjacent. The slabs are left out during the 
winter and split by the frost, so as to expose the impressions of fishes to 
the best advantage. 

Hadleys Falls, mentioned by Newberry, must, I think, be South 
Hadley Falls Canal, as fishes were found during the digging of this canal, 
and are now deposited in the museum of Amherst College. The specimens 
from this locality do not seem to have been examined by Professor New- 
berry, as he does not cite any species from there. ‘Those in the Amherst 
Musuem were by oversight not submitted to him. 

Chicopee Falls has not afforded anything, so far as I know, for many 
years. The excavations made during the building of the dam and mills 
may have supplied the specimens which fell into the hands of Mr. Red- 
field, and furnished the material for the new species which Dr. Newberry 
has named for this town. There are no specimens from this place in the 
Amherst collection. 

I have given below a list of the forms which have been identified in 
Massachusetts, and a word concerning the history of the more interesting 


1 Loe. cit., p. 21. 
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species. Excepting the rare form found at Chicopee, it will be seen that 
they are all referred to two ganoid genera, Ischypterus of Sir Phillip 
Egerton, which is characterized by the great strength of the fin rays, and 
Catopterus, distinguished by the posterior position of the dorsal fin. 
Most of the specimens found belong to the two species Ischypterus 
tenuiceps and Catopterus gracilis. : 
Ischypterus ovatus. W.C. Redfield. Sunderland (Redfield), Turners Falls (New- 
berry). 
Ischypterus marshii W. C. R. Sunderland (Redfield). 
Ischypterus micropterus N. Sunderland. 
Ischypterus tenwiceps Ag., sp. Turners Falls. Sunderland. Figured by E. Hitch. 
cock. Geol. Mass., 1841, Vol. II, p. 459, Pl. X XIX, figs. 1, 2. 
Ischypterus macropterus W.C. R. Sunderland. 
Ischypterus parvus W.C. R. Sunderland. Figured by Hitchcock. Geol. Mass., 
1835, Atlas XIV, fig. 44, and 1841, Pl. X XIX, fig. 3. 
Ischypterus latus J. H. R. Sunderland. 
Ischypterus elegans. Sunderland. 
Catopterus gracilis J. H. R. Sunderland. 
Catopterus parvulus W.C. R. Sunderland. 
Acentrophorus chicopensis N. Chicopee Falls. 


ICHNOLOGY. 


Since the publication of the Ichnology of Massachusetts and its Sup- 
plement, which President Hitchcock looked upon as closing the most 
original scientific investigation of his life, but little has been done to 
advance the knowledge of this the most peculiar contribution of the Con- 
necticut Valley to geology, except what has been published by Prof. 
C. H. Hitchcock, who has kindly permitted me to print in this place a 
portion of an article upon the subject, containing his latest views upon the 
classification of these forms, from the proceedings of the Boston Society 
of Natural History, Vol. XXIV, 1889, p. 117. The article has been cor- 
rected by Professor Hitchcock (1892). 


RECENT PROGRESS IN ICHNOLOGY. 
By C. H. HitcHcock. 


The study of the Ichnozoa, or the animals that made the tracks, naturally 
divides itself into three parts: First, an examination of the ichnites themselves; sec- 
ond, the restorations of the animals from their bones, and third, comparisons of the 
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impressions made by living animals with the Triassic imprints. I will at present 
speak only of the first. 

Allow me to present, at the outset, a complete list of the Triassic Ichnozoa, 
arranged in convenient classes. It will not be needful to state the reasons why cer- 
tain species of the Ichnology are dropped. The number, after several erasures, has 
increased from 150 of the Ichnology to 170.! 


ICHNOZOA OF THE TRIAS, 
Marsupial. 
Cunichnoides marsupialoideus E. H. 
Birds, Pachydactylous. 


Amblonyx lyellianus (?) E. H. 
Grallator cursorius E. H. 
parallelus E. H. 
tenuis E. H. 
gracilis C. H. H. 
cuneatus Barratt. 
formosus E. H. 
Leptonyx lateralis E. H. 


Brontozoum giganteum C. H. H. 
approximatum C. H. H. 
minusculum E. H. 
divaricatum E. H. 
tuberatum E. H. 
exsertum E. H. 
validum E, H. 
silliimanium EK. H. 

Amblonyx giganteus (?) E. H. 


(2?) Birds, Leptodactylous. 


Argozoum redfieldianum (?) E, H. 
dispari-digitatum E. H. 


Argozoum pari-digitatum E. H. 


Dinosaurs. 


Plesiornis giganteus C. H. H. 
i, Path dae we 
Chimerichnus ingens C. H. H. 
barrattii E. H. 
Anticheiropus hamatus E. H. 
pilulatus E. H. 
Platypterna deaniana E. H. 


Anomepus major E. H. 
isodactylus C. H. H. 
intermedius E, H. 
curvatus E. H. 
minor E. H. 
cuneatus C. H. H. 
minimus E, H. 


gracillimus C. H. H. tenuis E. H. 
Gigantitherium caudatum E. H. delicatula E. H. 
minus EK. H. recta E. H. 


varica KE. H. 
digitigrada E. H. 
Ornithopus gallinaceus E. H. 
gracilior E. H. 
Tridentipes ingens E. H. 
elegans E. H. 
elegantior E. H. 
insignis E. H. 


Hyphepus fieldi E. H. 

Corvipes lacertoideus E. H. 

Tarsodactylus expansus C. H. H. 

caudatus E, H. 

Apatichnus crassus C. H. H. 
holyokensis C. H. H. 
circumagens E. H. 
bellus E. H. 


Plesiornis quadrupes E. H. 
pilulatus E. H. 
zequalipes E. H. 
mirabilis E. H. 


uncus (?) E. H. 
Trihamus elegans E. H. 
magnus C. H. H. 


1A catalogue of the Ichnozoa, as they were known in 1871, was prepared by me for Walling and 
Gray’s Official Atlas of Massachusetts. 


MON XXIX 26 
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Reptiles and Amphibia. 


Polemarchus gigas E. H. Orthodactylus linearis E. H. 
Plectropterna minitans E. H. Antipus bifidus E. H. 
gracilis E. H. flexiloquus H. H. 
angusta K. H. Stenodactylus curvatus E. H. 
lineans E. H. Arachnichnus dehiscens E. H. 
Trienopus leptodactylus E. H. Isocampe strata KE. H. 
Harpedactylus gracilis K. H. Typopus abnormis E. H. 
gracilior E. H. gracilis E. H. 
crassus E. H. Anisichnus [C. H. H.] deweyanus E. H. 
n. sp. C. H. H. gracilis E. H. 
Xiphopeza triplex E. H. gracilior E, H. 
Toxichnus inzqualis E. H. Comptichnus obesus E. H. 
Orthodactylus floriferus E. H. ; n. sp. C. H. H. 
introvergens E, H. 
Batrachians. 
Otozoum moodii E. H. ; Cheirotheroides pilulatus E. H, 
caudatum C. H. H, Shepardia palmipes E. H. 
parvum C. H. H. Lagunculipes latus E. H. 
Batrachoides nidificans E. H. Selenichnus falcatus E. H. 
Palamopus clarki E. H. breviusculus E. H. 
Macropterna vulgaris E. H. Exocampe arcta li. H. 
divaricans E. H. ornata E. H. 
gracilipes K. H. minima E, H. 
Chelonians. 
Ancyropus heteroclitus E. H. Helcura surgens E. H. 
Chelonoides incedens E. H. anguinea E. H. 
Helcura caudata E. H. Amblypus dextratus E. H. 
Hexapod Arthropoda. 
Grammepus erismatus E. H. Bifurculipes curvatus E. H. 
Acanthichnus cursorius E. H. elachistotatus E. H. 
alternans E. H. Copeza triremis E. H. 
alatus E. H. propinquata E. H. 
anguineus E, H. punctata E. H. 
trilinearis E. H. cruscularis E. H. 
punctatus E. H. Hexapodichnus magnus EK. H. 
rectilinearis EK. H. horrens EK. H. 
divaricatus EK. H. Conopsoides larvalis E. H, 
saltatorius E. H. curtus E. H. 
Bifurculipes laqueatus E. H. Harpipes capillaris E. H. 
scolopendroideus E. H. Sagittarius alternans E. H, 


Inferior Arthropods, including larval forms and worms. 


Harpagopus dubius E. H. .  Spheeripes larvalis E. H. 
Stratipes latus E. H. magnus E. H. 
Hamipes-didactylus E. H. +s Lunula obscura E. H. 
Saltator bipedatus E. H. Pterichnus centipes E. H. 
caudatus E. H. Unisulcus marshi E. H. 
Halysichnus laqueatus E. H. intermedius E. H. 
tardigradus EK. H. minutus E. H. 


Cunicularius retrahens KE. H. magnus C, H. H. 
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Mollusca. 


Bisuleus undulatus HE. H. | Cochlichnus anguineus E. H. 
Trisulcus laqueatus E. H. two n. sp. 
Cochlea archimedea E. H. | 


Incerte sedis. 


Hoplichnus equus E. H. Grammichnus alpha E. H. 


poledrus E. H. Ampelichnus sulcatus E. H. 
/Enigmichnus multiformis E. H. Climacodichnus corrugatus E. H. 


Of lower arthropods and worms there may be half a dozen new species and two 


new genera, 
Summary : 


Marsipialiqsac tach: ocsescsc-0 occas ul Hexapod arthropods ........-.---. 24 
Pachydactylous birds...-....-..-.--. 17 Lower arthropods and worms..-.-. 16 
Leptodactylous birds............--. 18 IMOUUSCaE Sateen s cists a nace = S25 6 
DIMOSAUIG eee ses aseismic = 28 Incerteisedisiiee at. suae te as. acess 6 
Reptiles and amphibia ...........-. 27 = 
Batrachiams =. 22. - =. ise = sea 16 AO) (le 52 See ee Cen Ree 165 
@kelonianse. 6 p22 -lac ecw ene. 6 


The class of Birds is still retained for convenience, although the bones found in 
the west seem to point to reptiles as most probably the animals thus designated. It 
is still a fact that such special reptilian characteristics as would be exhibited in walk- 
ing are absent in the genera Brontozoum and Grallator, while those creatures called 
Dinosaurs are thus referred, either because of the marks of front feet, heels to the 
hind feet, or of tails. The bird group is also characterized by long legs, while most 
of the Dinosaurs had short legs, as indicated by their numerous steps. I do not 
change the reference of a group to Chelonians, though it is not satisfactory. 

The Arthropoda are most likely to be referred to the lower classes; yet the 
presence of only 6 feet in the impressions leads us to speak of them as Hexapods. 
They may not be true insects, but larval forms, requiring further investigation 
before satisfactory references can be made out. Further statement of the reasons 
for referring various imprints to their lowly owners would involve a discussion of 
the third part of the subject, which can not be undertaken now.! 

It will be proper to state a few facts about museums and localities before describ- 
ing the new species. 


THE AMHERST MUSEUM. 
A few slabs have been added since 1865, and the arrangement of the rooms has 


not been changed since the printing of the catalogue. One slab shows a Brontozoum 
with two toes on one foot and three upon the other, as if the owner had lost a toe by 


\Of modern authors, A. G. Nathorst has treated of the invertebrate tracks most fully in his 
Mémoire sur quelques traces d’animaux sans vertébré, etc., et de leur portée paléontologique, 1880. 
His bibliography notices several American authors, but he has evidently not seen the Ichnology of 
Massachusetts. 
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fighting or by accident. After the discovery of Apatichnus holyokensis, I was able to 
point out several illustrations of the new species at Amherst, which had been over- 
looked in the preparation of the Ichnology and Supplement. 


MUSEUM AT SOUTH HADLEY. 


The Mount Holyoke Seminary and College has taken great interest in Ichnology 
and possesses an admirable collection. Among the more important ones are the type 
specimens of Apatichnus holyokensis and of six or eight new species from Wethers- 
field Cove, besides Anomepus cuneatus and A. isodactylus from the Dickinson quarry 
at South Hadley. The data for improved descriptions of Brontozowm divaricatum 
and Plectropterna elegans are present, a8 well as long rows of Otozoum moodii, Bronto- 
zoum giganteum, and B. approximatum. The slabs occupy a large room in the base- 
ment of the Lyman Williston Hall, while smaller specimens have been placed in the 
adjoining apartment. 

The institution possesses several slabs from the Dickinson quarry, about a mile 
north from the buildings. These are composed of a hard sandstone which preserves 
the impressions and casts with unusual distinctness. The marks of the heels of the 
hind feet, the front feet, and the tails of Anomeepus are very plentiful. About sixty 
species of Ichnozoa are placed upon these tables, and a careful description of every 
slab exists in the manuscript form. ? 

This catalogue is like the one prepared by myself in 1865 for the Amherst 
collection and printed in the Supplement. 


Of the above species, the A’mgmichnus multiformis is certainly the 
marking of a drifting tree whose roots or branches trailed in lines strictly 
parallel along the bottom, these lines often changing to a row of dots or a 
moniliform line from the rising and sinking of the plant with the waves. 
These parallel lines cover a space several feet wide and could hardly be 
formed by any animal. Further, Professor Hitchcock has omitted a sec- 
tion of fish-tracks given in the Ichnology with a genus Ptilichnus, or “ fin- 
track,” thought by President Hitchcock to be the marks of the fins of fishes. 
The markings are very uncertain and may well be withdrawn from the list. 
I have, however, found in the collection many fine, thin slabs with a curious 
marking upon them, which bear the name “ Aroid Plants, Sunderland” in 
President Hitchcock’s writing, but about which he seems to have published 
nothing. The resemblance of these markings to the markings which would 
be made by the ventral fin spines of a fish drifting slowly backward, and 
by a few slight rapid strokes stemming the current at regular intervals, is 
certainly striking. 
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REPTILES. 
M&GADACTYLUS Owen. 
MeeapactyLus potyzeLus HK. Hitchcock, jr. 


1858. “Bones of a reptile.” Jeffries Wyman. Ichnology of New England, p. 186. 

1863. Megadactylus polyzelus. HK. Hitchcock, jr. Supplement to Ichnology of 
New England, p. 39. 

1871. Megadactylus polyzelus. B.D. Cope. Synopsis of the extinct Reptilia and 
Aves of the United States: Trans. Am. Phil. Soc., Vol. IV, p. 122a, 
Pix Ut: 

1884. Amphisaurus (Megadactylus). O. C. Marsh. Am. Jour. Sci. Sup. X XVII, 
p. 338. 

1889. Anchisaurus. O.C. Marsh. Am. Jour. Sci. Sup. XXX VII, p. 331. 


This rare and remarkable fossil has had a peculiar history. The bones 
were thrown out by a blast in excavating a well for the casting of a big gun 
at the water shops of the United States Armory, in the south part of Spring- 
field, and only a part of the skeleton was preserved and presented to Presi- 
dent Hitchcock. ‘These bones were first studied by Jeffries Wyman, and 
determined by him to be those of a reptile. His letter contains many acute 
observations. He notes the hollowness of the bones, a peculiarity suggest- 
ing birds and pterodactyls, but decides against the reference of the bones 
to either of these. The unequal length of the toes suggests a jumping 
animal. 

The bones were then carried to London by Dr. Edward Hitchcock and 
submitted to Prof. Richard Owen, who determined them to be those of a 
Saurian reptile, but added otherwise nothing to the diagnosis of Wyman. 
His one sentence concerning the bones is interesting. They belong to “a 
Saurian reptile with an unusually thin wall of bone in the limb bones, 
which, however, might have been occupied by unossified cartilage, as in 
the young crocodile and turtle; but if they were filled with oil or light 
marrow, it would point to a course of development toward pterodactyls or 
birds. The phrase is purely hypothetical, and I mean to express no more 
than a degree of resemblance, supposing marrow and not eristle to have 
filled the large cavities.” Later, Dr. Hitchcock worked out the bones with 
a graver and named the animal in the article quoted. 

The specimen was then carefully studied, figured, and described by 
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Cope, who referred it to the Triassic Dinosauria and called special attention 
to the very peculiar ischium. 

In 1876 I carried the bones to New Haven, where they were studied 
by Professors Huxley and Marsh, and casts of them were taken by the 
latter. Professor Huxley was inclined to think them identical with one or 
other of two genera of: reptiles found by Stutchbury in the Trias near 
Bristol, England, and preserved in the museum of that city—Paleosaurus 
and Thecodontosaurus—but because of some loss or change of labels it 
was not possible to tell which of the bones preserved in the museum should 
be called by the first of these names and which by the second. At a later 
time Professor Marsh gave a new name to the genus, as indicated in the 
synonymy above, and still later, finding that this name had been preoccu- 
pied, he gave the fossil another name. 

The bones include a nearly perfect foot, the ischium, femur, caudal ver- 
tebree, and many imperfect fragments. A few very imperfect fragments of 
the bones of a similar species were found earlier, and are preserved in the 
museum, but without locality; and I have found many imperfect fragments 
of bone in the indurated sandstone of the contact zone of the easternmost 
voleanic core in Belchertown. This induration has prevented the percola- 
tion of water, which has doubtless carried away many bones formerly 
embedded in these coarse sandstones. 


CoteAS Re Bene Xe ET. 


TRIASSIC ERUPTIVE ROCKS. 


HISTORICAL. 


As early as 1815 President Hitchcock described the ‘Basaltick Col- 
umns” of Titan’s Piazza in the first volume of the North American Review.! 
He gave the ‘‘greenstone” only a word in the Geology of Deerfield,’ not 
distinguishing it from the hornblende-schist of West Northfield. It is 
described at some length in the Geology of the Connecticut® as ‘‘secondary 
greenstone,” without reference to its mineralogical constitution. He notes 
that it is more amygdaloidal in its upper portion, describes the contact of 
the upper sandstone on the trap in Sunderland and Deerfield, and interprets 
the fault at the mouth of Fall River, described below (p. 437), as a repe- 
tition of the trap. 

In his earlier report upon the Geology of Massachusetts* he gives a 
very full account of the “greenstone,” touching upon its lithological pecul- 
iarities, its distribution, mineral contents, and origin, an account which has 
lost little of its value, and which, because of its great length, I shall only 
briefly summarize here, as the main points are cited. beyond. He now 
considers the “greenstone” to be made up of feldspar and hornblende, and 
remarks that he has not met with a genuine and distinct dike of trap in 
the sandstone. 

In the later edition of the above work (1835), and in the Final Report,° 
the same account is reprinted almost verbatim, the only additional informa- 
tion given relating to the small dikes in the gneiss on the east of the sand- 
stones. An inspection of the maps accompanying the above reports shows 
clearly that the trap was laid down most accurately on the map of 1823, 


! Page 337. 

2Am. Jour. Sci., Ist series, Vol. I, 1819, p. 105. 
3Am. Jour. Sci., Ist series, Vol. VI, 1823, p. 44. 
+ Geol. of Mass., Amherst, 1833, p. 404. 


5Geol. of Mass., Final Rept., Amherst, 1841, p. 640. re 
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especially as regards the Deerfield bed, and that with the poor maps and 
the small scale used the delineation became more and more inaccurate. 
Upon the map of 1844 the Mount Tom range is represented much more 
accurately, a posterior range is given in West Springfield, and three long 
patches of ‘‘trap tufa and tufaceous conglomerate” are laid down. Upon 
the map in the Ichnology, 1857, a further advance is made by showing that 
the Holyoke range consists of two bands of trap with a narrow intervening 
band of sandstone. The section through Norwottock on the border of the 
above map is incorrectly colored to indicate three bands of trap; the south- 
ern band should receive the color of the “trap tufa.” Furthermore, in all 
the copies of the work I have seen the-trap tufa has the same color as the 
crystalline rocks upon the borders of the map, while in the legend a deeper 
shade of the color is assigned to it. This-error has perpetuated itself in a 
curious way. Upon the small geological map attached to the map of 
Hampshire County of H. F. Walling (1858) a pink band of crystalline 
rocks is made to run across from Belchertown to the river south of the 
Holyoke range. The map is said to be “by Edward Hitchcock.” One 
may infer, I think, that he had very little to do with it. 

In the small map appended to Reminiscences of Amherst Galleee 
(1863), President Hitchcock gave his final results regarding the rocks in 
question. He now makes the Holyoke range a single broad area of trap 
extending east to overhang, with undiminished width, the northern of the 
Belchertown ponds, and lays down two great areas in Pelham, the one 
made out by coloring as trap the whole area between the two occurrences 
detailed below, and the other based upon the area of great bowlders east of 
Amethyst Brook. , 

The geological map of Prof. C. H. Hitchcock in Walling’s Atlas of 
Massachusetts (1871) gives a posterior bed in the eastern half of the 
Holyoke range and the northern part of the Mount Tom range, presenting 
thus the best results of his father’s work. 

In 1875 Prof. E. 8. Dana presented to the American Association the 
preliminary results of studies upon the Triassic diabases, undertaken by 
himself and Mr. G. W. Hawes, and in the same year Mr. Hawes printed 
a series of analyses of these rocks, including one from Mount Holyoke. 
Although in the main devoted to the Connecticut rocks, these studies 
reached results applicable to this area, viz: the greater freshness of the 
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diabase from the gneiss, its composition of pyroxene and the triclinic feld- 
spars labradorite and anorthite, and the rare presence of olivine. By 
comparison of the altered with the unaltered varieties, it was seen that this 
alteration has not been attended by further oxidation of the iron, and 
therefore could not have been accomplished by any surface action, since 
the oxidation. of protoxide of iron is one of the chief causes of surface 
alteration, while in this case one mineral containing protoxide has been 
changed into another protoxide mineral. It would therefore seem certain 
that the alteration took place at the time of ejection, as had been urged by 
Professor Danaa.* 

Later, Mr. Hawes* made a separation (by Thoulet’s solution) and 
analysis of the feldspars in diabase from New Jersey, determining them 
to be labradorite and andesite. He further calculates, on the basis of 
analyses in his preceding paper, the mineral composition of the ‘West 
Rock dike” near New Haven, finding it to contain the feldspars anorthite, 
albite, and orthoclase, with augite, titanic iron, magnetite, and apatite. 

Professor Dana,’ in a very pungent critique of this paper, objects that 
the anorthite came from a later transverse (east-west) dike in the West 
Rock dike, and so can not be combined with the gross analysis of the latter, 
as was done by Mr. Hawes. 

In 1882 the author published a paper, mainly mineralogical, on the 
Deerfield dike,* in which the contact metamorphism on the sandstone below 
and the amygdaloidal character of the trap sheet in its upper portion and 
the unaltered condition of the sandstone above, which is molded into all 
the interstices of the trap, are adduced in support of the view that this 
trap body is a contemporaneous sheet and not a true dike. 

The presence of a beautiful fault at the mouth of Fall River was noted. 
The proofs of its existence would seem to have been given with too much 
brevity, as they failed to convince the author of the paper to be mentioned 
next, and they will be given more fully in the sequel. 

- In the following year appeared a very valuable article, by Prof. W. M. 
Davis,*° on the ‘Triassic trap rocks of the eastern United States,” spe- 


1Am. Jour. Sci., 3d series, Vol. VI, p. 104. 

?Proc. U.S. Nat. Mus., 1881, p. 129. 

3 Am. Jour. Sci., 3d series, Vol. XXII, p. 230. 

4Am. Jour. Sci., 3 series, Vol. XXIV, 1882, p. 195. 
5Bull. Comp. Zool. Harvard Coll., Vol. VII, p. 251. 
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cially valuable because of the reproduction of all the sections and dia- 
grams explaining earlier views of the structure of the trap ridges and of 
the full discussion of previous theories. Of the abundant original observa- 
tions only two groups relate to the Massachusetts area—one to the Turners 
Falls, the other to the Mount Tom region. He considers part of the trap 
masses to be contemporaneous beds and part to be true dikes, but adduces 
only cases under the first category from Massachusetts. The Deerfield 
bed he makes to be three beds, echeloned one posterior to the other. I 
have found it to be a single bed, faulted several times at the north end, as 
will be detailed below. 

In 1892 the author published a preliminary paper on the quarry tor 
road material at Greenfield and described the under-rolling of the trap and 
the formation of breccia-like beds.* 

In the summer of 1896 the author presented a paper before the Geolog- 
ical Society of America entitled, “ Diabase pitchstone and mud inclosures 
of the Triassic trap of New England.”? The paper explains the manner in 
which water and mud, frothing up into the trap from the sea bottom over 
which it was flowing, produced pitchstone and shattered the mixture and 
recemented it with an aqueous deposit of albite and bisilicates. There 
was also described the sweeping of fine mud out over the surface of the 
Holyoke sheet by convection currents and its under-rolling to form the 
base of the bed. 


THE THREE EPOCHS OF ERUPTIVE ACTIVITY; GENERAL ACCOUNT. 


1. The rapid transgression of the Triassic waters over the area had 
spread a great thickness of coarse granitic débris when two fissures allowed 
the passage of great volumes of basic lava to form the Deerfield and Holyoke 


diabase sheets. Sedimentation went on undisturbed. Generally the first 


layers spread on the surface of the sheets were the same or nearly the same 
as those on which the trap rests. In the Holyoke bed one can see in small 
degree the influence of the shallowing of the waters, and the beds above 
are of finer grain. The fissure for the Deerfield bed must have been 
beneath the present outcrop or the lava must have come from the dikes 
in the gneiss along the eastern border of the basin. The fissure of the 


1Am. Jour. Sci., 3d series, Vol. XLVI, p. 146. 
2 Bull. Geol. Soc. America, Vol. VIII, 1897, pp. 59-96. 


_ 
i. 


THREE EPOCHS OF TRIASSIC ERUPTION. 411 


Holyoke bed was probably a mile south and east of the present outcrop, 
along the line of later trap intrusions. The beds slightly baked the sand- 
stones below and are amygdaloidal and ropy-surfaced above. They often 
took up great quantities of the rock over which they flowed, and the fact 
and direction of flow are shown by the marked difference between these 
fragments and the subjacent rock. Much sedimentary material is in places 
kneaded into the surface layers of the trap—either before it became solid 
or in a breccia layer—and is then carried underneath by the under-rolling 
of the solid and yet plastic front of the advancing sheet. 

2. A great core, representing a second epoch of voleanic activity, now 
forms Little Mountain, which lies between Mount Tom and the river below 
Smiths Ferry, and from it flowed a thin but double sheet south beyond the 
limit of the State and north at least to the river, a half mile south of the 
Holyoke gap. 

3. Immediately following this came an explosive outburst which spread 
tuff south to Holyoke and east across the whole basin to Belchertown. 
East of the river this rests on arkose; west, on the upper trap sheet. Its 
masses are largest (3 feet in length) at Smiths Ferry and decrease slowly 
east and south. 

The results of the last period of volcanic activity appear in a line of 
crater throats and short intrusive dikes extending from the river to the east 
edge of the basin, parallel to and a mile south of the Holyoke range. ‘T'wo 
are of very large size and one is a diabase full of quartz and feldspar 
grains. They make a small angle with the tuff sheet, so that some lie 
south and some north of it and some penetrate it in whole or part. 


DIABASE DIKES AND STOCKS IN THE GNEISS EAST OF THE TRIAS. 


A series of small dikes appear in the gneiss east of and a short distance 
from the sandstones. I do not find reason to consider them continuous over 
so long a distance north and south as they would appear to be from Perci- 
val’s excellent map of their distribution in Connecticut, nor does any trace 
of the similar western line of dikes marked by him extend northward into 
Massachusetts. 

They are typical diabases, much fresher and of finer grain than the large 
masses in the sandstones, but scarcely offering any appreciable distinction 
from the finer grades of the latter. On their borders, however, and in small 
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dikes from a half inch to an inch across, which are at times abundant in the 
gneiss, they reach a degree of fineness never seen in the central dikes, and are 
in part or wholly made up of glass, and contain olivine, which allies them to 
the newer outflows in the main valley. ; 

1. The most northerly of these dikes cuts gneissoid rocks on the east 
bank of the Connecticut, a few rods below the mouth of Millers River. The 
dike is about 3 feet wide and runs south from the water’s edge and disap- 
pears in a short distance beneath the terrace sands. It isa compact, very 
fresh, dark-gray rock, with few porphyritic feldspars 1™™ long and extine- 
tion 21° on either side of the twinning suture, the smaller feldspar 0.12™™, 
the light-yellow augite peculiarly granular and without crystalline outline. 
Magnetite is very abundant. This occurrence is cited by President Hitch- 
cock in his first report,‘ and incorrectly assigned to Erving in the Final 
Report.’ 


2. The next dike is intruded along the bedding of the gneiss, in the 


vertical wall which forms the north bank of Millers River, east of the bridge 
in the village of Millers Falls. As the gneiss has a low dip to the west, 
the dike, which is about 7 feet wide, reaches the water’s edge just west 
of the bridge, where its crossing the stream gave rise to the falls from 
- which the village gets its name. The rock was not distinguishable in thin 
sections from that of the preceding occurrence. 

3. The next outcrop was a knob of remarkably fresh icé-worn rock 
exposed in the cutting made in 1881 in the relocation of the railroad tracks 
afew rods south of the Millers Falls station. The diabase was exposed 
in a rounded ice-worn boss, 10 or 12 feet across, without contacts. A few 


yards to the east, and 2 yards lower, gneiss was exposed, in which rock 


the diabase was doubtless intruded. 

4. President Hitchcock notes greenstone in Montague, on the west 
border of gneiss, 2 miles northeast of the meetinghouse. It separates in 
plates directed east and west and standing vertical.’ This locality is beside 
the railroad, a mile south of Millers Falls, south of J. Hannegan’s house. 
A ridge 325 feet long, 82 feet wide, and 20-30 feet high runs N. 35° E., 
surrounded by the terrace sands. The last three outcrops may form parts 
of one long dike. 


1Geol. of Mass., 1835, p. 417. 
*Ibid., 1841, p. 648. 
3Geol. Mass., Final Report, 1841, p. 648. 
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The above dikes near Millers Falls are of ideal freshness; very rarely 
one sees in a single large feldspar a slight central clouding, like a delicate 
fleck of cotton. They are rather light-gray, extremely tough, and yet brittle 
as glass. ‘The constituents are of exactly the average dimensions given in 
the general description of the diabase, page 438. The augite is yellow to 
amethystine, dichroic, and, although perfectly fresh, it appears, from the 
strong cleavage and abundant inclusions, only translucent, and looks in the 
slide as if a quantity of pulverized material had been spread over the network 
of feldspars. This enables one to distinguish it from other occurrences. 

5. Across Montague and Leverett no other outcrops occur. In Pelham, 
on the south side of the Shutesbury road, west of where it crosses Amethyst 
Brook, a great outcrop of the same fine-grained diabase occurs in the actin- 
olitic quartzite. It is a squarish mass about 82 by 130 feet, its longest 
diameter north and south. Following the stream up from this point to where 
a brook comes in from the north, one finds a great number of large bowlders 
of diabase in its bed, some of large size. There is probably a considerable 
bed in the pasture a few rods east of the junction of the brooks. Further, 
the fine amethysts which occur as rolled specimens in the bed of the brook 
probably indicate the presence of diabase here. A mile northeast also, in 
the deep brook gorge north of Ward’s quarry, occur a great number of 
very large diabase bowlders, as well as much farther east in the eastern 
portion of the town, along the roads that run down from Pelham Center 
to the Swift River Valley. 

6. If the line connecting the above outcrops in Pelham be prolonged 
N. 40° E. into Shutesbury, it strikes a great outcrop of diabase at the point 
where it crosses the road going north from Pelham Center, opposite the 
house of W. Thrasher. It is exposed with a length of 25 rods and a width 
of 75 feet, and runs N. 40° EK. It is a fine to very fine, very fresh diabase 
of the common structure, the finest-grained portion showing a globulitic 
groundmass as inclusion in the feldspars, and small olivines. 

7. If the line be prolonged N. 40° E. across to the river road, another 
outcrop of diabase occurs on the hillside northwest of the house of S. H. 
Stowell. An inspection of the map will show that all the above series of 
outcrops occur along a northeast fault which has opened the entrance to 
the upland basin of Pelham and caused the sharp southern slope of Mount 
Hygeia. 
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8. Again, where the road east from Pelham post-office, halfway down 
the hill, turns from south to southeast, a large outcrop of trap occurs on 
the north side of the road. 

9. Going about 115 rods on the first western road running south from 
the West Village of Pelham, and turning east into the woods, one finds an 
east-west vertical dike, at one place nearly 6 feet thick, but running west 
with a thickness of only 1 foot, which sends off many small branches into 
the gneiss, one of which furnished the material for the study on page 416. 

10. On Coys Hill, in the southeast part of Ware, north of the point 
where the road crosses the town line, a vertical dike of diabase occurs in 
the high bluff northeast of the road across the ravine. It is horizontally 
bedded, 50 feet wide, and can be followed a half mile south, first with strike 
N. 40° E., then swinging round to N. 30° E., when it crosses the town line 
into Worcester County. It is fine-grained and is beautifully exposed, with 
its attendant swarm of small dikes in the adjacent gneiss. It is now quar- 
ried for road material just east of the station, where it is 5 rods wide. 

11. A great accumulation of bowlders of the aphanitic diabase in 
Belchertown, north of the schoolhouse, near E. Willis’s, another near the 
center of Wales, and another in the northeast of Belchertown indicate in 
each case the proximity of an area of the rock covered by drift deposits. 

12. About 650 feet east of the house of J. Bardwell, near the west line 
of Belchertown, occurs an isolated outcrop of trap, forming a hill of great, 
broken masses of the rock. It is about 33 by 100 feet, and gneiss occurs 
in the near vicinity on every side, though the immediate contact could not 
be observed. The rock is the dark bluish-gray aphanitic variety common 
in the gneiss. 

13. Just south of Flint’s quarry, in Monson, a heavy dike of trap is 
cut through by the quarry railroad. It can be followed but a short distance 
to the north, when it is cut off by a fault and offset to the east, and its con- 
tinuation, with the evidence of the faulting, can be found in the south bluff 
of the ridge next east. From this point it can be followed northeast more 
than half a mile, till it disappears beneath the sands in the Monson Valley. 
It is about 410 feet wide. The small dike next described is apparently an 
offshoot from it, and the great number of trap bowlders found over the high 
ground in the east part of Monson are clearly derived from it, and their 
distribution makes it plain that the dike extends much farther northeast 
and southwest than can be seen. It is now quarried for road material. 
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14. A vertical dike of black, fine-grained, horizontally jointed diabase 
runs east and west through the great quarry at Monson. It is nowhere 
more than 16 inches wide, and as it goes upward it has a curious warp to 
the south. It sends off many small dikes, which are specially discussed in 
the next section below (p. 416). oe 

15. Farther south in Monson, in the crest of the bluff west of S. Mac- 
intosh’s house, is a dike of similar rock, 50 feet wide, running N. 65° E., 
which can be traced for some distance in the face of the cliff, cutting the 
amphibolite. 

16. Still farther south, on the east slope of Peaked Mountain, west of 
the house of J. Bliss, jr., occurs a dike of about equal size and of similar 
character. These dikes in Monson were already traced by Percival. 

Trap bowlders are very abundant along the western slope of the high 
ground east of the central valley of Monson, from one end of the town to 
the other. 

17. Another plug occurs just over the State line in Stafford. It runs 
N. 10° E., is 60 rods long and 200 feet wide. It is high up on the east 
slope of the hill which lies across the brook west of where the Hampden- 
Stafford road crosses the State line. The slides show a trace of decompo- 
sition. The feldspars of first generation have broad bands with wavy 
extinction from strain; the second are very complex twins. 

18. A mile S. 10° W. of this, where the road from the State-line Pond 
to Somers rises to the top of a high hill, another dike is exposed just south 
of the road. The contact, in granite, is exposed on the west. The strike 
is N. 40° E. It is 56 feet wide, 200 feet long, has steep slope on the north 
and a swamp on the south. The sections show unusually fresh and sharply 
and regularly outlined plagioclase of only one generation. 

19. A third stock of trap occurs a half mile 8. 10° W. of this, which 
crosses the next east-west road. It is 45 rods long from north to south, 25 
rods from east to west. The gneiss is continuously exposed around its east, 
north, and west sides. It is a compact, light-gray trap. In these sections 
the large plagioclase crystals of first consolidation have the central portion 
out nearly to the border changed into a cottony mass of plumose, micalike, 
elongate, ragged scales, while the clear border shows at one end a marked 
wavy extinction and the other end extinguishes sharply at 25° on either 
side of the twinning suture. ‘This is an unusual change to some micaceous 
or zeolitic mineral, instead of to kaolin. 
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20. In the northeastern corger of the Palmer quadrangle a dike of the 
same fine-grained, dark-gray diabase was discovered by my assistant, Mr. 
C.S. Merrick. It is nearly a mile west of the point where the Boston and 
Albany Railroad leaves the quadrangle, and appears in the crest of the hill 
at the 900-foot contour! It is about 100 feet wide and strikes N. 20° E., 
and is plainly a part of the dike No. 10, which can be traced north across 
Ware and New Braintree. 


A MICROSCOPIC DIABASE DIKE FROM PELHAM, AND OLIVINE AND GLASS- 
BEARING DIKES FROM MONSON. 


The two great diabase masses of the Triassic in Massachusetts, the 
Deerfield and the Holyoke dikes, are amygdaloidal at surface and aphanitic 
at base, but everywhere normally crystalline, and everywhere, even when 
seeming quite fresh, much decomposed. The series of smaller dikes of the 
same rock, when run in the gneiss, parallel to and a few miles distant from 
the eastern border of the sandstone, which were traced across Connecticut and 
Massachusetts by Percival and Hitchcock, are in texture exactly similar to 
the former, showing a typical diabase texture, but always very much 
fresher. They often send off a great number of apophyses, which sink to 
very small dimensions and run out in all directions and to considerable 
distances through the gneiss, which, ordinarily very friable, is here so 
indurated that thin flakes can be broken off and slides prepared containing 
one or more of these minute dikes. An interesting slide of this character 
from Pelham contains a dike 0.9" wide and 20™™ long. It is a tachylyte, 
shading from dark gray at one side to jet black at the other, and under the 
microscope is a colorless glass loaded with a fine dust, apparently magnetite. 
The shading into black is due to the occurrence of this material in much 
oreater quantity at one side of the dike, as if it had been formed horizontally 
and the magnetite had sunk to the bottom. The rest of the surface has a 
mottled look, like a miniature representation of a tiger’s skin. This comes 
from the fact that minute angular fragments of quartz and feldspar, which 
are scattered through the mass, are surrounded by a halo of the same black 
dust, outside which a broad ring of the glass is comparatively clear. This 
gives the whole an apparent spherulitic structure, and this structure is really 
present and the glass is in a state of tension around the foreign grains, as 


1 Percival, Geol. Conn., map. 
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is seen by the fact that the clear rings polarize feebly and show traces of a 
black cross. 

On the upper side, i. e., opposite the black border, the liquid rock 
forced its way in several places between the grains of the bounding rock. 
In one place it flowed in with a width of 0.5", showing a delicate fluidal 
structure, the lines of black dust being drawn into a series of regular par- 
abolas, exactly as in a diagram of the surface flow of a river around a 
curve. Another, narrower, runs far into the gneiss and passes lengthwise 
of a large biotite crystal in a gliding plane, with a width of 0.02™. 

The contact effects of the small dike on the gneiss are also interesting, 
Not only is the former filled with minute fragments of the inclosing rock, 
as already noted, but in places along the side is finely crushed and dis- 
turbed, and cemented again by eruptive material. Crystals of triclinic 
feldspar have their laminz interrupted and echeloned by a series of fine 
faults, and in the immediate neighborhood of the dikes they were so influ- 
enced by heat that the laminz, instead of being as usual (and as they are 
here farther away) perfectly straight and sharply defined in polarized light, 
become wavy and bend over into the direction of flow of the lava, and the 
bands of color pass gradually into each other. 

In other cases, in a feldspar apparently fresh, on approaching extinc- 
tion a band of black passes in from the border to the center and disappears. 

The large biotite, through which the narrow vein passed, seemed 
entirely fresh, but in polarized light it was seen to be markedly affected, 
apparently by compression, so that it broke up into patches of color, 
arranged along the sides of the intruding vein. Smaller crystals of biotite 
were twisted, so as to show a brilliant aggregate polarization in long inter- 
woven lines. | 

The large quartz grains, usually entirely uniform, were broken up 
into irregular patches of brilliant color, and showed marked undulatory 
extinction. 

Specially fine cabinet specimens of the small dikes mentioned above 
can be at times obtained from the Monson quarry—hand specimens of the 
light-gray gneiss, with three or four dikes narrower than one’s finger cross- 
ing them, and at times bending round so sharply as to inclose a thin wedge 
of the gneiss, thinner even than the small dikes themselves. 


From the aphanitic border of the largest dike there, which is only 
MON XXIX——27 
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about a foot wide, I cut sections which showed, under the microscope, 
many porphyritic olivine crystals sharply outlined, some nearly fresh, but 
most well advanced in the change to serpentine. Some were penetrated by 
thick branching lobes of a brown glass, which in one case took up more 
than half the surface of the section of the crystal and was accompanied by 
two separate globules of the same glass with motionless bubbles. This is 
the first certain occurrence of olivine in the traps of the Connecticut Valley 
in Massachusetts, and this, with that mentioned on page 411, the first occur- 
rences of a glassy modification of the rock. The position of the olivines 
and their large size suggest that they may have been formed at great 
depths and floated up to their present position. 


Another of the minute dikes, 2™" wide, in the gneiss foe Monson was 


cut. It had for part of its boundary a border of crushed gneiss, the triclinic 
feldspar showing undulatory extinction, and the dike sent off into this a 
veinlet 0.1" wide. It was of finely granular, devitrified tachylyte, with 
a lighter border one-third millimeter wide. The feldspars in it were from 
one-third to one thirty-eighth millimeter in length. The well-shaped oli- 
vines allowed measurement of (021) A (021)=98° (calculated 99° 06’). 


THE BEDDED OR CONTEMPORANEOUS ERUPTIVES. 


THE DEERFIELD SHEET. 


This, the most northern occurrence of eruptive rock in the Trias, 
begins near the northeastern border of the latter, back of C. M. Conant’s 
house, in the west edge of the village of Gill, and extends west by south 
past the house of J. Blake, where it is slightly faulted and where it has 
a thickness of about 40 feet, which it maintains for a long distance. It is 
compact at base and slightly porous at surface, and has low southeast dip 
with the conglomerate in which it is intercalated. At its crossing of the 
Gill-Turners Falls road it is again slightly faulted, and the bed was traced 
only to this fault in my previous study of it.’ It turns here and runs down 
to the mouth of Fall River, where it is again faulted. It is moved about 
165 feet to the west and an opening made, through which the Fall River 
_reaches the Connecticut. -From this point it runs down the west side of 


1 The Deerfield dike and its minerals: Am. Jour. Sci. , 3d series, Vol. XXIV, 1882, p. 195. 
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the Connecticut, through Greenfield and Deerfield, and, turning eastward, 
crosses the river and ends in Mount Toby. It is at first included in the 
Longmeadow sandstones, and continues south in them until, at its south 
end, it runs off into the conglomerate of Mount Toby. 

It has thus the characteristic elongated U shape which appears on a 
scale so much larger in the Holyoke range. It is worthy of note that the 
high western border of the valley, which I shall elsewhere try to prove to 
have been caused by faulting, corresponds in direction with both these 
sheets, being set back in Greenfield and Northampton so as in each case to 
present a reentrant angle to the northwest corner of the trap ranges, with 
sides parallel to the corresponding portions of the ranges. 

The bed is about 21 miles long, and where the Deerfield River breaks 
through it it is about 100 feet thick; at Fall River, 165 feet. Where it is 
cut by the artesian well of the Montague Paper Company (see p. 380) it 
was penetrated 110 feet, which, with the dip of 40°, would give a thick- 
ness of 84 feet. 


CONTACT ON THE SANDSTONE BELOW; THE UNDER-ROLLING OF THE CRUST AND 
THE ALTERATION OF THE DIABASE BY HEATED WATERS TO A PITCHSTONE- 
BRECCIA AND A DIOPSIDE-PLAGIOCLASE ROCK. 


Going southward’ from the bridge over Fall River, one finds in the 
roadside, just before coming to the mouth of the stream, a contact of the 
diabase upon the sandstone below—a granitic sandstone, coarse to medium 
in grain, which is baked for an inch into a black hornstone and changed 
for a foot into a strong quartzite. The trap above is little affected. 

Opposite Mrs. G. P. Heyward’s, in Greenfield, and underneath the 
lookout tower which stands on the crest of the trap ridge, a crushing machine 
has been set upto supply the city with road material. For a long distance 
the vertical wall has been cleared and a most interesting contact is exposed. 
(See Pl. VIII.) 

Climbing up from the sand flats, over 60 feet of fucoidal sandstones 
with strike N. 10° E. dip 40° E., one finds, at the base of the great trap 
sheet and resting on the sandstone below, a layer 60 feet thick, made up of 
rounded and angular blocks of trap, of all sizes up to 3 feet thick, the whole 
mass penetrated by veins of fine red and black sandstone, often 6 inches 
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thick, which branch upward for about 7 feet from the main mass of the 
sandstone and are full of small steam holes at the top. 

A fine-grained and finely porous, reddish trap 1s continued downward 
from the compact trap above in all the interstices between the blocks, 
cementing them together in the same way that the sand below cements the 
larger blocks, and the two cements meet along a horizontal line. (See PI. 
VIII. The person seen in the plate stands on the sandstone and touches 
this line with his finger.) 

As the great mass of lava flowed over the bottom of the bay, its con- 
vealed and much fissured crust at the front of the flow, like an unrolling 
carpet, gradually passed beneath the advancing mass, and the mud rose up 
into all the fissures in the crust, while the heat baked it into a porous rock 
and the still liquid lava within oozed into the cracks above to meet the mud. 

The above partial description of this most interesting locality was 
made at a time when the quarry had exposed only a portion of the surface 
to study A more careful examination of the place brought out these | 
facts: The basal portion of the bed is made up of angular blocks of trap, 
and these blocks are often interlocked and a common structure passes from 
block to block, showing that it is the portion of a bed of trap in place and 
not a tuff or agglomerate of transported blocks. The blocks are of the 
common, rather coarse-grained trap of the sheet,-but are distantly and 
coarsely vesicular, some of the spherical cavities being an inch across; and 
what is most striking, many of the blocks have rows of these cavities around 
their borders in whole or in part, and these cavities are tubular at times and 
closely set at right angles to the fissure which separates the block from its 
neighbor. At times two adjacent blocks have a similar arrangement of 
tubular cavities on either side of the crack. The arrangement of these tubes 
at the surface of the blocks shows that the slow expansion of the steam was 
effective after thé mass had cracked into great blocks. Perhaps the increased 
heat from its under-rolling and penetration by the liquid lava may have been 
effective here. Moreover, some of the blocks surrounded by the finer trap 
are quite spherical, as if they had been partly remelted after being envel- 
oped in this newer trap. Again, it is a very partial description of the upper 
portion of the wall to say that a finer trap has oozed down to meet the upcom- 
ing red sand and cemented the blocks of trap. There is a well-defined line 


1See Am. Jour. Sci., 3d series, Vol. XLIII, 1892, p. 146. 
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about 7 feet above the sandstone along which the veins of red sand blend with 
a fine-grained, reddish material quite unlike the coarse blocks of trap, and 
this reddish material cements the blocks of earlier trap together for a few feet 
higher, and higher up the blocks grow more distant and smaller and disappear 
in the mass of the newer material, which is cracked into small fragments, so 
that the whole closely resembles a tuff, but is not a tuff, if the idea of trans- 
portation of fragmental igneous material by air or water be essential to the 
definition of a tuff. It is a breccia of sand, trap fragments, and glass, pro- 
duced by explosions of the water introduced with the mud. In places it 
loses the red color and becomes greenish. On examining the whole face of 
the cliff, it is seen that this tuff-like condition continues up half the height of 
the bed, and its upper boundary continues north and south for a long dis- 
tance. This is visible in the plate. | 

A careful examination of the zone of contact of the sandstone veins 
and the newer trap shows the latter to be compact or finely porous, as 
contrasted with the blocks of trap, which are very coarse amygdaloidal. 

The newer trap or glass-breccia is reddish, because it is an intimate 
mixture of trap and red sand, and for 20 feet up, as far as one can climb 
at the quarry, the mixture of the filaments of sand and trap are most inti- 
mate, and on a polished surface it is seen that the delicate anastomosing 
films of the trap penetrating the sand could have reached their present posi- 
tion and condition only in a liquid state, while the thin layers of sand are 
as intimately mixed in the trap. 

Under the microscope (see fig. 24, A, B, p. 422) the thicker portions of 
the sand filaments (left side of figures) in specimens taken about 20 feet 
from the base of the sheet are of the same texture exactly as in the broad 
intruded masses of sandstone below, but are blackened around their border 
by the caustic action of the adjacent lava, and as they grow thinner they 
become black across their entire width. This seems to be caused by the 
coating of the sand grains with hematite derived from the iron of the red 
mud and recrystallized by the heated waters. These borders bristle out- 
wardly also with beautiful hexagonal plates of blood-red hematite, and the 
same plates are found also in the sand and in the surrounding rock. 

The second constituent of the rock is the trap, here in somewhat 
abnormal development. It is in small fragments and minute filaments, 
penetrating the sand in every way. It contains the large, angular, and 
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well-formed plagioclase twins of earliest consolidation, which are, as usual, 
dusted with impurities, or decomposition products, and a few fine rods of 
later growth, and these constituents are entirely like those found in the 
normal trap. They are, however, not accompanied by magnetite and augite, 


Fra. 24.—Thin sections of sand and glass breccia (A, B) from the base of the Greenfield sheet at the city quarry and of 
trap (0) from Cheapside. Drawn by Charlotte F. Emerson. AxX30. BX85. 0X30. 


as in the normal trap, but are included in an olive-green streaky and hardly 
differentiated magma, which is often thrust in among the sand grains where 
the feldspar can not follow. Large trap fragments appear at the right of 
A and B. 

The third constituent of the rock, and a most interesting one, is of 
aqueous or igneo-aqueous origin, it being plainly formed by the action 
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of the waters of the mud on the heated lava under pressure. It appears as 


narrow limpid bands in A and B, often interjected between the other con- 


stituents. Itis made up mostly of a clear feldspar, in blades and plates sev- 
eral times twinned, of very fresh appearance, and polarizing in bluish whites, 
with the strong, wavy or central extinction which characterizes the water- 
deposited albites of the cavities of the red diopside-diabase of the dike at 
Cheapside (fig. 24, C). This feldspar is also closely like the ordinary pla- 
gioclase of the amphibolites and albitic schists of the metamorphic series 
farther west. There is also a pyroxenic mineral of a quite peculiar character 
associated with this feldspar, and like it plainly of secondary origin. It has 
extinction «=emerald-green, 1 =clove-brown to violet, ¢ =red-brown. 

In this rock small groups of stout, colorless diopside crystals occur, 
often bristling on the surface of the sand filaments like the hematite (which 
is another constituent of this rock), and in one case a well-formed arrow- 
headed twin of this mineral was observed. The considerable development 
of the green pyroxenic mineral gives much of the tuff-like rock a green 
color and the appearance of being greatly weathered diabase, and this 
somewhat abnormal variety forms narrow and interrupted bands between 
the filaments of the red mud and small fragments of the trap. These latter 
have the primary and secondary feldspars weathered and inclosed in an 
olive-green groundmass. The hematite plates penetrate to the very center 
of these fragments. : 

The mud was thus most intimately blended with the liquid trap in 
which the lath-shaped feldspars had already been crystallized. It furnished 
water for the hydration of the groundmass into an olive-green nonpolarizing 
glass, and some of the same superheated water produced the abnormal 
igneo-aqueous deposit which unites the normal trap with the sand filaments. 

Several years after the foregoing description was written I made a 
comparative study of the above occurrence and similar tuff-like beds in 
Meriden, Connecticut, during which many slides were examined and an 
analysis of the glass at Meriden was made. This gave me much clearer 
ideas of the part taken by the water in forming and shattering the glass 
(which proves to be a basic pitchstone) to make the fine sand and trap- 
breccia mentioned above, in carrying up portions of the basal bed to 
become the bomblike masses, and in promoting the formation of a rock 
resembling a crystalline schist. I therefore reprint here the substance of 
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this article, so far as it relates to the Greenfield bed, at the expense of a 
little repetition.' 3 

The flow of the submarine lava bed seems here to have been unusually 
rapid, and the under-rolling to have been a somewhat subordinate phenom- 
enon; still, the convection currents rising from the front of the bed seem to 
have generally chilled it, so that a somewhat thin layer of compact, heavy, 
fine-grained trap was solidified and under-rolled to form a basal bed protect- 
ing the liquid mass above. When the sheet had advanced over the muddy 
bottom so far that the imprisoned vapors could not escape laterally, some 
slight and local disturbance broke up this basal layer more or less, the 
heat reached the water-soaked sand below, and steam and mud frothed 
up into the mass of the still liquid lava in great quantity, carrying many 
blocks of the basal bed. These abnormal conditions promoted the forma- 
tion of unusual varieties of trap. The absorption of water caused the 
formation of much basic pitchstone, while repeated smothered explosions 
shattered and commingled the heterogeneous products. 


GENERAL CHARACTER. 


For a thickness of 80 to 70 feet and for a distance of several miles in 
the vicinity of Greenfield the basal portion of the trap sheet is a mixture 
of sand, fragments of various sandstones, fragments of various kinds of 
diabase—some with glass base, some with hyalopilitic base, and some 
resembling andesites, all unlike the monotonous Triassic diabase—and 
abundant fragments of glass, all cemented by glass, and variously 
shattered and recemented, and the interstices filléd by a water-deposited 
mixture of albite, diopside, calcite, zgirine-augite, and hematite. 

The main mass of the trap sheet is normal and continuous above this 
confused mass, and in many places the basal portion of the sheet can be seen 
to be a continuous mass of trap beneath the breccia, so that the latter must 
have been formed in the midst of the sheet itself. The sheet is a normal, 
contemporaneous sheet, often showing a ropy flow structure at the surface. 


GREENFIELD QUARRY EXPOSURES AND CONTACTS. 


For a mile north of the quarry beneath the observation tower east 
of Greenfield one can walk along the line of contact of the trap on the 


'Bull. Geol. Soc. America, Vol. VIII, p. 64. 
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PLATE VIIIa. 


DETAILS OF TRAP RIDGE EAST OF GREENFIELD. 


F1G. 1.—Photograph of the south face of a large bowlder at the foot of the cliff below the quarry. 
The rounded: and angular blocks are trap, and they are inclosed in the sand and glass 
mixture, which often shows fluidal structure. Commencing to the right of the watch 
chain, which is to be seen in the lower left-hand corner of the picture, and continuing 
upward for twice the length of the chain is a series of four rounded blocks connected by 
narrow necks, and sending out narrow, angular lobes—forms which can not have resulted 
from explosions throwing masses of lava into the air. The effect of the pile of great 
round blocks with comparatively small amount of interstitial matter can only partly be 
given by the photograph. See page 431. 

Fic. 2,—Enlargement of the part of fig. 1 which lies to the right of the watch in the photograph. 
A band of the sand and glass mixture extends across from the upper right corner and 
separates a large, rounded block above from a double block below, whose parts are 
joined by a narrow neck near the center, while the part to the right sends down a long, 
curved lobe into the breccia below. This shows one of the forms which can not have 
been ‘“‘bombs” in the ordinary sense. See page 431. 
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INCLUSION OF MUD IN UPPER SURFACE OF TRAP SHEET. 


Fic. 1.—A block of trap from the contact of a sheet of sandstone 12 feet long and a foot wide which 
was included in the trap a few feet below and parallel with the surface. The lower surface 
of the specimen was in contact with the sandstone. The whitest spots are steam holes 
filled by secondary calcite. ‘.‘he trap is full of drops and lobate masses of the gray mud. 
From the north end of the east wall of the cut. Dibbles Crossing, Holyoke. About two- 
thirds natural size. From photograph. See page 456. 

Fic. 2.—Polished surfaces of pieces from the south end of the cut, to show the intimate mixture of the 
shattered trap and the light-gray mud. The mud fills many of the steam holes in whole 
or part. Natural size. From photograph, See page 456. 
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THIN SECTIONS OF MATERIAL FROM GREENFIELD AND MERIDEN “ASH BED.” 


Fic. 1.—Red hematitie trap with secondary albite in perfect twinned crystals lining the interior of | 
steam holes. Two large half-filled cavities and three smaller ones, wholly filled, appear. 
The large porphyritic plagioclase to the right is mottled from decomposition. Green- 
field, near Cheapside Village, at the electric railroad cut. See page 442. Magnified 20 
times; crossed nicols. 

Fic. 2.—The interstitial aqueous deposit of plagioclase (probably albite), diopside, and #gerine- 
augite. The plagioclase has a dusty, altered center, caused by an early change to calcite 
and a limpid exterior of later formation, which resembles the secondary plagioclase 
of fig. 1. The diopside is marked by strong boundaries and distant cleavage. The 
wegerine-augite is in dark patches. The darker bordering portions are aitered to serpen- 
tine with development of cleavage. Atthe lower border patches of the black sand appear. 
At the top and right edge are isolated spherulites. Greenfield quarry, 20 feet above base 
of bed. See page 434. Magnified 35 times; crossed nicols. 

Fra. 3.—Scoriaceous sandstone. The dark parts are the rusty sandstone, red in the interior of the 
bands, and blackened by heat exteriorly. They show mud flow. The light parts are 
irregular, limpid, plagioclase grains. The mud has shrunk away at the top from a first 
growth of this kind, leaving a thin film of black grains, and in the narrow space a more 
limpid, plagioclase growth occurs. In the center of the older growth is a highly refring- 
ent mineral (datolite?), showing a micropegmatitic structure with the plagioclase. See 
page 435. Greenfield, Cheapside cut. Magnified 20 times. 

Fic. 4.—Greenish-brown glass with yellow borders, which are devitrified in series of small spherulites 
with dark centers. The glass has been shattered, while the fragments were slightly 
plastic. The fragments are in place in the slide, and the cavities are partly filled by a 
secondary water-deposited albite growth. See page 432. From Meriden “‘ash bed,” near 
top on south path. Magnified 35 times. 

Fic. 5.—Hyalopilitic diabase from the Meriden ‘‘ash bed.” Base formed of tufted, feathery, and 
fasciculate groups of beaded threads. Large olivine at right, large augite full of glass 
inclusions on left. Contact of basal bed on glass breccia. See page 436. Magnified 35 
times. : 
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sandstone with the vertical wall of the trap rising above. Here there 
seems to have been no distinct basal bed, but the whole mass was cooled 
nearly to the crystallizing point when the sand rose up into it at almost 
equal intervals, and the streams of the sand and glass breccia formed by 
the water rise in great streaks or “schlieren,” anastomose, and pass with 
fluidal structure around the great rounded blocks of the normal trap, which 
make somewhat more than half the wall. 

At the quarry is a more distinct basal bed of trap 7 or 8 feet thick, 
more or less shattered and displaced, and the sand can be seen continuous 
with the underlying sandstones rising in rifts in this basal bed and frothing 
out into a scoriaceous sandstone, where it meets and blends with the breccia 
above. This breccia is 60 feet thick—a greenish mass of shattered glass and 
trap, full of filaments of red sand shining with hematite scales. 

The rounded, bomblike masses of the compact and crystalline trap 
which are contained in this breccia grade superficially through hyalopilitic 
trap into the green glass, and while compact at center are toward the sur- 
face full of radiating steam pores. They seem to have been often carried 
aloft by the explosions into the still liquid glass, partially melted, and made 
superficially plastic by reheating, so that the steam has been able to struggle 
to the surface from the outer portion. Where they are large and angular 
they have been carried but a little way from the base where they were 
formed; where they are small and spherical they are far-carried and much 
resorbed in the glass mass. 

Among these blocks are many long sheets and rounded masses con- 
nected by narrow necks, which could not have been blown into the air and 
have fallen as common bombs. (See Pl. VIIa, p. 426.) 

A little way north of the quarry one can climb up the whole face of 
the trap by a steep path, and 60 feet from the base can study the top ot 
the breccia. Here are unusually large masses of sand frothed up into an 
amnygdaloidal sandstone and filled with water-deposited silicates like the 
Cheapside rock (see Pl. VIII¢, fig. 3), and above this the trap is normal and 
crystalline and full of steam holes for a few feet, and then grades into the 
common compact columnar trap of the upper part of the sheet.’ 


‘ Inreporting my brief account of this case, Professor Dana has destroyed the meaning of the whole 
by anerror. He says that the trap sheet rests on coarse sandstone-breccia 12 to 16 feet thick, mstead 
of coarse trap-breccia. (Manual of Geology, 1895, footnote on p. 805.) 
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PETROGRAPHICAL DESCRIPTION. 


DIABASE-PITCHSTONE. 


The diabase-pitchstone in its purest form is a dark liver-brown pitch- 
stone, dull-green or mottled brown and green by reflected light, and red- 
brown by transmitted light. It is often an apple-green glass with the same 
dichroism. It has resinous pitchstone luster, and so differs from most tachy- 
lytes. The microscope shows a very minute, regular network of cracks, 
often developing into a perlitic structure around crystals and spherulites, 
which explains this luster. The deep-brown glass streaked with very deep 
brown is wholly amorphous and hardly to be distinguished from the Kilauea 
glass in common light, and, like it, it is not affected by acid. The pheno- 
crysts are of similar size and distribution, but with polarized light the feld- 
spar rods are always, and the large colorless pyroxenes, sometimes, changed 
to granular calcite, easily removed by acid; the olivines, to fibrous serpentine, 

The fresh glass is full of small grains (cumulites), white by reflected 
light, red-brown by transmitted light, which are made of aggregates of 
minute grains (globulites). Kyven where the glass seems compact it often 
separates into small sheets and portions, showing minute curdled surfaces, 
and under the microscope the same wrinkled surfaces can be seen where 
small cavities have collapsed or where the fragments have flowed or have 
been drawn out in threads. 

The glass has been shattered into angular fragments by sudden explo- 
sion while still able to flow under slow pressure. Each of the fragments 
is then bordered by a layer of even thickness of paler-brown and equally 
nonpolarizing glass—an effect of the heated waters on the iron content. 

The larger fibrous spherulites in the glass are usually perfect circles 
or ovals, but they are sometimes distorted by flow or pressure. They are 
often bordered by several concentric bands of lighter and darker brownish- 
green glass, each band having a concentric radiate structure. The central 
part is colorless and beautifully radiate-fibrous, showing perfect black cross. 
The fibers are optically positive and polarize like a plagioclase. They are 
not affected by boiling acid or alkali. Sometimes the centers are filled by 
a greenish granular mass, which scarcely polarizes, showing only scattered 
light points. The spherulites are often broken and found in parts in the 
breccia, and the layers separated and crushed, so that the glass seems full of 
fragments of eggshells. 
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A fibrous devitrification sometimes affects all the fragments of a slide, 
each one being now a pale-yellow devitrified glass of a finely tufted or 
fibrous structure radiating from many centers. The fibers have the same 
optical properties as do the spherulites. The inclosing glass is more granu- 
larly devitrified, polarizing in dots. 

The glass sometimes undergoes a peculiar calcification, which seems to 
me rather a metamorphic change produced by the heated waters than a later 
decomposition by cold atmospheric waters. A fragment of glass will be red- 
brown at the center, pale-brown farther out, and perhaps colorless at its 
border; its angular boundaries will be sharply defined and the phenocrysts 
equably disseminated through the whole, and with common light the whole 
seems unchanged glass. It will, however, polarize in whole or part in 
broad patches of bright and softly blended colors and show everywhere 
the uniaxial figure of calcite. Acid removes it readily and leaves only a 
powdery remnant. The outer colorless part is generally devitrified in 
plumose patches or in series of minute fibrous globes in the greenish fiprous 
devitrified glass. The calcite disappears rapidly with acid, leaving an 
opaque-white granular residue, while the colorless ylass becomes opaque- 
white in lines and streaks, showing a concealed fluidal structure. 

It is noteworthy that among all the reactions carried out here so little 
quartz is set free. Under the influence of the heated and carbonated water 
the glass, rich in calcium and alkalies and poor in silica, tends to split into 
calcite and acid feldspars. ‘This explains the formation of spherulites and 
the fibrous devitrification of the glass, with the abundant development 
of calcite. 

GLASS-BRECCIA. 

Under the microscope a fragment of the greenish tuff-like mass, taken 
20 feet from the base of the bed, was composed as follows: 

The first thing that attracted attention was the fine red sand, each 
grain being covered with iron rust. Where this was in thick masses it was 
still red in the interior, but on the exterior was black from the recrystalliza- 
tion of the iron rust by the caustic effect of the melted lava, in which it had 
been disseminated in threads and sheets. In the interstices between these 
dark sand portions many minute angular grains of diabase, like that found 
in the basal bed, were scattered. These had been broken up by an early 


explosion and carried up from the base with the sand. The whole had been 
MON XXIx——28 


434 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


cemented by an olive-green glass, containing a few crystals of plagioclase 
and scattered spherulites, penetrating among the sand grains and to the 
very center of sand areas, which would otherwise have been called sand- 
stone fragments. The whole thus formed has been again shattered, and is 
now cemented by a hot-water deposit of albite, calcite, diopside, and 
eegirine-augite. Beautiful large hexagonal plates of hematite bristle over 
the trails of sand grains, and in all the other constituents except the basal 
trap fragments. Sometimes cavities of later formation are filled by radiat- 
ing chalcedonic growths, with centers of calcite and ankerite and copper 
pyrite. 

The water-deposited plagioclase (Pl. VI Ie, fig. 2, p. 430, the colorless 
center) has the appearance and the optical character of the small but per- 
fect albites (Pl. VIIIc, fig. 1, and fig. 24, C, p. 422) which line the steam 
holes in many places in this bed, and often rest upon the earlier diabantite. 
These I have proved by optical and specific-gravity tests to be albite.* 
It has also a curious resemblance to the albite of the “albitic” schists and 
amphibolites, and the whole mixture has some resemblance to a crystalline 
schist. 

The egirite-like mineral (Pl. VIIIe, fig. 2, the dark grains) is in 
shapeless grains and shows a strong prismatic cleavage like that of augite. 
It is intergrown with the feldspar, calcite, and diopside in such a way as to 
show that they were all deposited together. The absorption in this min- 
eral is very strong: a = deep blue-green, % = violet to olive-brown, some- 
times with shade of green, c= brownish yellow. A single twin with an 
extinction of 38° on either side of the suture was found, and the maximum 
of the blue-green absorption was also at 38° on either side of the suture, 
and this blue absorption represented the greatest elasticity. The mineral 
has thus the negative? sign and the strong absorption of egirite and the 
optical figure in the position of augite. It is therefore allied to the zgirine- 
augite of Rosenbusch, but the absorption parallel to a is clear blue-green 
and not grass-green. Large patches of the mineral are changed to a yellow- 
green serpentinous mineral, which under crossed nicols is almost black, but 
with scattered points of light. 


1 Mineralogical Lexicon, under “‘Albite”: Bull. U. S. Geol. Survey No. 126, 1895. 

2 By an oversight the mineral is said to have the positive sign in the article cited, and the absorp- 
tion color is given as blue. This is only true in some sections between a and b, which blend the blue, 
green, and violet. 


THE DEERFIELD SHEET, 435 


The diopside is in stout, small crystals or in long, stout prisms, some- 
times broken. They are enveloped by the egirine-augite without common 


orientation. 
AMYGDALOIDAL SANDSTONE, 


One of the columns of sand rising from the sandstone and penetrating 
the basal bed at the Greenfield quarry expands 9 feet from the base, where 
it passes above the basal bed into the glass-breccia, and its central portion 
presents a scoriaceous appearance. It is a red sandstone filled with more or 
less rounded spots of a white silicate, which I have no doubt, from my 
examination of other similar cases, is mainly a granular plagioclase. The 
same thing is developed much more extensively at the top of the breccia, 
on the path going up over the cliff north of the quarry. Here for several 
feet in thickness the rock is a red sandstone closely filled with small cavi- 
ties. The whole makes the impression of a rather coarse, red amygdaloid 
with white amygdules. 

A still more attractive form of the same rock is found in the cut of 
the electric road at the Deerfield River, a mile south of Cheapside (see 
Pl. VIlIle, fig. 3). Here a light-red sand rock is filled with the fresh white 
amygdules. Under the microscope the sandstone between the white fillings 
has a beautiful fluidal structure, thus heightening the resemblance to an 
amygdaloid. The cavities are superficially blackened by the recrystalliza- 
tion of the iron oxide.. The white filling is mainly a fresh matted network 
of plagioclase blades, which shows distinct triclinic striation rather more 
frequently than is usual in this water-deposited feldspar. They are ragged- 
edged from interference due to rapid crystallization. In the center of the 
cavities is another mineral into which the feldspars penetrate with a micro- 
pegmatitic structure or which runs out among them. It polarizes with 
bright yellows, and I suspect it to be datolite, as a mineral with the high 
glassy luster of datolite can be seen with the lens in the centers of some 
cavities. It shows no cleavage, and it has a rough surface like olivine, 
which agrees with the high refractive index of datolite. Other slides of 
this occurrence showed a curious radiate-fibrous structure with coarsely 
beaded fibers and extinction up to 40°, and some smaller stout, square 
prisms with flat ends. They present all the peculiarities of wollastonite. 
Another peculiarity is that the cavities seem to have been filled with the 
mixture described above, after which the sand has shrunk away from the 
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filling for a considerable distance along one or more sides, leaving a film 
of the black sand grains attached, and then a more limpid feldspar has 
grown in the narrow cavities thus formed. 


CONTACT MATERIAL. 


A slide cut within the porous outer portion of the trap from the 
contact of one of the bomblike masses of trap with the glass-breccia 
showed only a very feldspathic and vesicular diabase. Specimens cut 
from the fused border between the two showed a rock with the aspect of 
an augite-andesite. The well-shaped feldspars of two generations and the 
equally well-shaped olivines were inclosed in an opaque red-brown base, 
which in thinnest places revealed its hyalopilitic or fibrous structure. 
(Pl. VIIIc, fig. 5, p. 430.) Its outer surface had at times a rounded and 
lobed, fused surface, and just under the surface a single row of steam holes 
filled with silica, all indicating a superficial remelting. 


LITHOPHYS. 


In one large specimen from near the base of the bed north of the 
quarry at Greenfield the breccia was full of well-formed lithophysze a half 
inch to an inch and a half in diameter. The cavities were half filled with 
curdled masses of a lighter rock. 


CHEMICAL DISCUSSION. 


In his article on the lavas of the Sandwich Islands and other volcanic 
islands of the Pacific, Cohen states that all the basic glass found was. 
anhydrous, and in general a basaltic pitchstone has not been described. 

I have studied slides of many tachylytes, and only that of Ostheim, 
in Hessen, with its green superficial color and liver-brown interior color, 
resembles these glasses. I have not seen any analysis of this rock giving 
water determination. It is deeper brown than most of the glass here 
studied, and contains large, round, oval spherulites with still deeper color, 
with radiate structure, and drusy surface. The other basaltic obsidians 
quoted by Zirkel do not contain more than 2.75 per cent of water. 

The following analysis of basic pitchstone from the Meriden “ash 
bed,” by Mr. H. N. Stokes, of the United States Geological Survey, was 
made on a pure liver-brown glass identical with that here described. 


1Neues Jahrbuch fiir Mineralogie, Vol. LVIII, p. 57. 
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It has specific gravity of 2.87, and melts easily to a black magnetic and 
frothy glass. 


Basic pitchstone from “ash bed” northeast of Meriden. 
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ORIGIN OF THE GLASS AND MINERALS, 


It remains to consider the cause of the extensive development of glass 
in the midst of the trap as a result of the introduction of water and sand in 
so great a quantity. ; 

It might seem probable that the introduction of so much quartz would 
have permitted some solution, so that the glass, being more acid, would 
more easily take the vitreous form. The percentage of silica is, however, 
somewhat less than in the average of the diabase, and a study of a great 
number of slides failed to show any trace of quartz or tridymite, except 
in a late vein filled with coarse calcite and analcite. Slides boiled with 
concentrated HKO failed to show any change. 

It is more probable that water has been absorbed in such quantity as 
to have contributed to the observed result. While obsidians are water-free, 
pearlstones average 3 per cent of water, and pitchstones 7 per cent, while 
the corresponding porphyries average only 13 per cent. 

It is remarkable, considering the quantity of water which must have 
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been carried into the mass with the mud, that there is almost no trace of 
amygdaloidal development. Only one fragment of a trap inclosed with 
others in a breccia contained small steam holes. 

The collapsed cavities with wrinkled interiors and the absence of the 
common steam holes are explained by the absorption of the water by the 
magma, and this absorption explains the unusually large development of 
basic glass in connection with this exceptional occurrence. Above the 
compact and columnar trap which rests on this hydrated glass is the usual 
coarsely amygdaloidal surface layer of the trap, whose moisture seems to 
have no connection with this development at the base of the bed. It was, 
however, in this surface amygdaloid in the Deerfield bed that I found 
perfect secondary albite crystals resting on diabantite in the amygdules. 

The great abundance of calcite and its intimate admixture with the 
other constituents are remarkable. I have elsewhere given reasons for 
thinking it in great part formed during the consolidation and cooling 
of the glass It is consonant with this that the feldspars formed during 
this cooling, especially those in the spherulites, are quite acid, while Hawes 
found very basic feldspars an abundant constituent of normal trap. 

When these secondary feldspars are boiled with strong hydrochloric 
acid and treated with fuchsin there is no trace of decomposition, and the 
optical characters indicate a very acid feldspar. The CO, brought into the 
mass by the waters from the coal-bearing sandstones below may have taken 
possession of a large portion of the Ca, leaving the Na to go into the newly 
made feldspar. 

The similarity of this aqueous feldspar to that in a metamorphic schist 
is remarkable, and it is interesting to find diopside and egerine-augite and 
hematite formed with it, thus making a very peculiar crystalline schist in 
a very peculiar position. 

It is again remarkable that diabantite and its serpentinous decomposition 
product are rare in these glasses and the associated traps. This militates 
against the idea that the penetration of the ground waters into the liquid 
trap is the cause of its chloritization. 

The lava bed flowed over the muddy bottom quite rapidly, and the 
heated mud and water have frothed up into the still liquid mass, causing an 
intimate blending of sand and lava for a thickness above the base of the bed 
of from 30 to 75 feet and for a distance, parallel to the advancing front of 
the sheet, of several miles. 
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The sudden introduction of so large a volume of water has caused the 
mass to cool as a spherulitic glass with a minute crackling, which gives it 
a pitchy luster and a large content of water (4.72 per cent), thus forming a 
basic pitchstone, which does not seem to have been described before. 

As a further direct influence of the water on the lava, many abnormal 
forms of trap were made locally. The liquid mud rose in the liquid lava 
with many explosions, shattering the abnormal mixtures already solidified, 
and blending them in still more complex mixtures while the newly solidified 
glass was still slightly plastic. 

The whole is cemented by the remnant of the glass, or an aqueo-igneous 
stage follows the igneo-aqueous, and a more distinctly hot-water product, 
consisting of albite, diopside, hematite, calcite, and zgerine-augite, forms 
the cement. This glass-breccia is proved to be an integral portion of the 
trap sheet by the fact that there is a heavy basal bed of crystalline trap 
resting upon the sandstone, and the breccia grades downward into this 
bed, as it does also upward into the overlying crystalline trap which forms 
the major portion of the overflow. Sometimes this basal bed is shattered 
and its parts are carried up into the glass and rounded and filled with 
superficial steam holes by remelting. 


CONTACT OF THE SANDSTONE UPON THE DIABASE. 


On either side of the mouth of Fall River, and for a mile south, con- 
tinuous outcrop of the upper contact is visible at low water. The rather soft, 
deep-red, shaly sandstone is wholly unaltered and never included in the trap, 
while it folds around all small protuberances of what was, doubtless, the old 
ropy surface of a lava flow, its lamin thickening in the bottom of the pro- 
tuberances till they have evened up the surface of the ropy lava, and at 
times fragments of the traps are wholly included in the sand. The sand 
even fills the opened steam holes. Just north of the point where the wood 
road goes east from the Sunderland Hotel there is another fine contact of 
the sandstone on the trap, near its south end. 


FALL RIVER FAULT. 


On following down the trap from its north end to the Connecticut, 
one finds that it halts abruptly at the water’s edge east of the mouth of 
Fall River and faces an island of sandstone which lies just in its line of 
strike; but on following the bed up from the south, one discovers that it 
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ends abruptly in a vertical, northward-facing wall 165 feet west of the ter- 
mination of the northern portion already noted, and on the other side of 
Fall River. 

We notice that the sandstone resting on the trap near the northern 
terminus of the west ridge is exactly the same soft, deep-red shale, and that 
it rests upon a trap with the same amygdaloidal texture and the same min- 
eral contents as at the south terminus of the east ridge. At the same dis- 
tance from this contact in either ridge the rock becomes suddenly filled with 
the same chopped-straw-like forms, which may be fucoids, or indusia of the 
insect found farther east in the sandstone, or, more probably, concretions; 
and measuring a second distance we find a thin bed of gray conglomerate 
interposed in the sandstones in both cases. ‘The sandstone series thus agrees 
minutely on either side the line, and with the traps must have been faulted 
with the dip about 165 feet. 

The rock is intercalated in the sandstone and dips eastward with it. It 
would seem to follow this direction only a little way before coming to the 
Fall River fault, as an artesian well sunk on the east bank of the river by 
the Montague Paper Company (see “Artesian wells,” Chapter XII) went 
down 900 feet below the level of the dam, while immediately opposite on 
the west, and separated only by the width of the river (about 1,430 feet), 
the trap dips toward the well with an angle of 32°, which would make it 
appear in the well at 894 feet below the surface, whereas it does appear 
at 585 feet, making an upthrow on the east of the fault plane of 209 feet. 


THE UNITY OF THE SHEET. 


From its north end to a point just below the lower suspension bridge 
at Turners Falls, the trap ridge is an inconspicuous object seen from the 
surface of the high sands on the west, and here it is for a distance entirely 
covered by them. When it reemerges it has a greater width and has 
changed its direction to southerly. This is my interpretation of the facts 
at this point, and I find myself here again at variance with the conclusions 
of Professor Davis, cited above. It is certain that there is no proof that the 
trap from the south runs by the northern strip on the west, so that the latter 
could be called a posterior range to it. There is also no conclusive proof 
that the two parts of the dike are united under the sands. I think it most’ 
probable that they are. The two are lithologically identical, as are the 
sandstones above them, and the region abounds in faults. 
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Southward the trap rises higher and continues, with lofty, nearly 
vertical walls on the east and west, between the river and the town of 
Greenfield. President Hitchcock quotes ‘trap tuff” as constituting, a mile 
east of Greenfield, ‘‘a large portion of the ledge of greenstone, which is in 
places a hundred feet thick.” This is the great pitchstone-breccia at the 
base of the bed described above. 

Across the deep notch of the Deerfield River the sheet rises and 
thickens in Deerfield Mountain and looks down with vertical wall upon the 
village of Deerfield at its foot. It shows just east of the village the finest 
columns in the State, 2 to 3 feet in diameter, and in places distinctly curved.’ 

Farther south, just before crossing the river, the great sheet shows, 
from below upward, four horizons of heavy amygdaloids, indicating, doubt- 
less, that it is a composite of as many great lava flows in this portion of 
its extent. 

To the south, in Mount Toby, where it is thinner, it is amygdaloidal in 
nearly its whole thickness, while at its north end it is compact at base and 
heavily amygdaloidal in its upper portion. 


PETROGRAPHICAL DESCRIPTION. 


* NORMAL DIABASE. 

The rock is a typical diabase, ranging from aphanitic varieties to those 
where the white, flat feldspars are 2 to 4™™ square, and from compact to very 
coarse amygdaloidal. The different veins are of very uniform texture and 
always in an advanced stage of decomposition, though appearing quite 
fresh; plagioclase, apparently of two species, augite, magnetite, and olivine 
are uniformly present. Apatite can not be detected. 

The common plagioclase, probably labradorite, is always by far the 
most abundant constituent, and the angle of extinction of its long rodlike 
crystals is commonly 12°. Several varieties of the rock are subporphyritic 
by the development of white spots, made up of groups of stout crystals of 
a second triclinic feldspar, apparently distinct from the first, whose angle of 
extinction is 21°. Both feldspars are thoroughly decomposed, commonly 
from the center, and sometimes show only aggregate polarization. 

The augitic constituent has for the most part gone over into a mixture 
of green and brown chloritic minerals, but here and there an exceptionally 
arge crystal remains in whole or in part intact. 


1. Hitchcock, Geol. Mass., 1841, p. 642. 
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The rock at the new cutting south of the Deerfield River and south- 
ward is very fine-grained, breaking with conchoidal fracture, dark-gray and 
compact at the base of the dike, and there distinguished by an abundance 
of the well-known feathery aggregations of magnetite grains, while in the 
whole upper portion it is coarsely amygdaloidal, the amygdules filled com- 
monly with diabantite, calcite, or both—when one penetrates below the 
deep layer of rusty scoriaceous rock from which all the secondary minerals 
have been removed—and here the magnetite is never arranged in feathery 
groups. At the old cutting on the other side of the Deerfield River, a few 
rods north, the rock becomes more granular in texture, and grayish- and 
reddish-white varieties occur, subporphyritic and abounding with flattened 
steam cavities, filled now with diabantite. These colors are arranged in 
layers, giving the rock an indistinct fluidal structure. These varieties con- 
tinue northward and are exposed in great force for nearly a mile of fresh 
cuttings where the road from Greenfield to Turners Falls crosses the dike, 
and from the Suspension bridge, at the end of this road, along the river 
side for a mile north, to the mouth of Fall River and beyond. Through 
all this area prehnite and the products of its decomposition occupy the 
amygdaloidal cavities in very great quantity, accompanied everywhere by 
traces of copper minerals in place of calcite and chalcedony, which abound 
farther south. The masses of native copper found in the till must come 
from here. 

The most interesting variety is a very coarse one, abundant on the 
Greenfield road, which contrasts pleasantly with the somber gray of the 
prevailing types. Broad white plates of the feldspar stand out upon 
a dark-red background of decomposed augite, the whole sprinkled with 
amygdules of prehnite and diabantite.. That this coarse variety is younger 
than the greenish-gray subporphyritic trap is clear from a large slab from 
the middle of the slope on the Greenfield road, showing a contact of the two, 
upon which the latter is cut off immediately and sharply and without change, 
while the former has a layer of deep-red, very fine-grained rock 15™" wide 
adjacent to the contact plane. It seems to me, however, to represent only 
a slight difference in age and to be probably a case of “schlieren,” in the 
sense of EH. Reyer.’ 

An exceptional rock occurs abundantly in bowlders on the south side of 


1 Theoriitische Geologie, 1888, p. 80. 
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the Deerfield River, but I have not met it on the north or in place. It is 
a clear, light-gray rock, with roundish blotches of white, and it looks like 
a weathered leucitophyre. Under the microscope the blotches are seen to 
be made up of aggregated stout crystals of plagioclase, and the rest of the 
mass between of rodlike plagioclase and magnetite, with almost no augite. 
The rare amygdules in this rock are filled with a fine silky, radiated 
mineral, apparently an altered prehnite resting upon diabantite, or more 
rarely lined with glassy crystals of albite, with datolite, pyrite, or globules 
of zincblende. 


RED DIOPSIDE-DIABASE, WITH SECONDARY ALBITE. 


Much of the basal part of the Deerfield bed just north of the Deerfield 
River is a peculiar rock, remarkably different from the usual monotonous 
trap of the region. It has been radically metamorphosed by hot water 
during its cooling. It is a fresh, fine-grained, brick-red rock, full of small 
cayities and scattered larger ones, both lined or filled with exquisite albite 
crystals large enough to be easily studied with a lens (fig. 24, C, p. 422). 
The feldspars “of first consolidation” in the body of the trap, which are 
near oligoclase, have been floated to their present place in delicate feathery 
groups. They retain their sharp crystal outlines and trace of cleavage and 
multiple twinning on two bands, but have been changed to a sericitic mass 
of subparallel scales and needles of two kinds, very minute needles polar- 
izing in low colors 0.015™ long and 0.0003™™ wide, and brightly polarizing 
scales 0.04 long. They seem to be kaolin and mica. 

The ordinary brown interstitial augite is wanting, but a few much 
twinned idiomorphic diopside crystals occur. The above minerals are free 
from the very abundant hematite which in grains and dendritic growths fill 
the second generation of feldspars and make most of the slide opaque, and 
which entirely replace the usual black ores and colored augites. The 
second generation of feldspars is often in sheaves of parallel fibers, one or 
more generally projecting far beyond the rest. ‘They are heavily loaded with 
the red rust, but often have clear borders or the rust is in a cross occupying 
the diagonals to the square sections. 

Many of the cavities are filled with a fresh albite mosaic, and this at 
times closely resembles the limpid feldspar mosaic of the amphibolites, _ 
being often without twinning and showing the same concentric polarization. 
This want of twinning is largely due to the development of the albite in 
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mica-like scales with their M (010) faces arranged parallel to the section 
plane, so that they show no twinning, but give with convergent polarized 
light a negative bisectrix. 

In some of the large cavities a broad-bladed mineral, probably barite, 
has formed in many separate and parallel plates, and all these have been 
coated with albite and then removed by solution. Chalcopyrite also appears 
in these cavities. There is no diabantite nor any trace of ordinary weather- 
ing in the slide; and it is probable that heated waters acting on a magma 
in which the first feldspars were floating have decomposed these, changed 
all the iron into hematite, thus preventing the formation of the dark augite 
and the black ores, and have then deposited the residuum of the feldspathic 
material in the steam holes. Specimens can be obtained where the trap has 
recently been blasted to make way for the electric road and the fragments 
dumped on the steep slope extending down to the Deerfield River. 

The difference of the rock from the normal diabase is shown by order 
of crystallization of the constituents of this and of the normal diabase. 


Diopside-diabase. Normal diabase. 
First plagioclase. Magnetite. 
Diopside. First plagioclase. 
Hematite. Second plagioclase. 
Second plagioclase. Augite. 
Steam holes. ‘ Steam holes. 

Third plagioclase. Diabantite. 


It is interesting to see here the development of the sericitic growth and 
the albite mosaic without the formation of hornblende. 

The rock here incloses fragments of fine sandstone exactly like those 
found at the Greenfield quarry about 3 miles north on the same dike, and, 
as there, it is greatly baked and fused with the trap. (See p. 419.) 


PARAGENESIS OF SECONDARY MINERALS. 


During the summer of 1880 a heavy cut was made through the trap on 
the south side of the Deerfield River for the extension of the Canal Railroad, 
which opened up veins carrying the usual trap minerals in great abundance 
and beauty. The veins run nearly vertical, with a thickness not above 4 
inches, and they were exposed to a depth of 60 feet. Later a similar cutting 
along the north side of the stream and directly opposite afforded many large 
cavities filled with the finest transparent datolite of unusual size, but lacking 
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wholly the variety shown on the south side. I have included a detailed 
study of these minerals in the Mineralogical Lexicon," and give here— 
1. The paragenesis of the stilbite-chabazite veins— 


1. Radiated stilbite. 
2, Chabazite. 


3. Calcite. 


4, Pyrite; or 


ile 


2 


Prehnite. 


. Heulandite. 
3. 
4, 
5, 


Prismatic stilbite. 
Chabazite. 
Calcite. 


2. A general table of the paragenesis of the minerals found. The old- 
est is first, and the overlap of the words corresponds approximately to the 
overlap of the minerals: 


Diabantite. 
Albite. 


Minerals produced at elevated temperature. 


Prehnite. 
Epidote. 
Axinite. 
Tourmaline. 
Calcite. 
Fluor. 
Sulphides. 


Datolite. 
Sphene. 

Calcite. 

Sulphides. 

( Natrolite. 
Stilbite. 
Heulandite. 
Analcite. 
Calcite. 

< Fluor. 
Sulphides. 
Chabazite. 
Calcite. 
Fluor. 
Pyrite. 
Saponite. 
Chloropheite. 
Kaolin. 
Malachite. 
Limonite. 
Wad. 


At ordinary temperature. 


Products of decompo 
sition 


1Bull. U. S. Geol. Survey No. 126, 1895. 


446 GEOLOGY OF OLD HAMPSHIRE COUYTY, MASS, 


THE HOLYOKE SHEET. 


Situated a few miles below College Hill, Mount Holyoke has been for 
many years annually visited by me with my classes, and has been also 
assigned, part by part, to small groups of advanced students for their first 
essays in practical geological work. Many men who have devoted their 
lives to. geology were of especial assistance to me in making out the struc- 
ture of this rugged and heavily wooded area.’ 

The great sheet of diabase which makes through most of its length 
the crest of the. Holyoke range is a contemporaneous flow resting upon the 
coarse granitic sandstone, which it bakes, and it is covered by exactly 
similar coarse, light-buff sandstone. (See Pl. 1X.) 

In the eastern end of the range the bluffs which overhang the Belcher- 
town ponds contain no trap, and one must skirt the sandstone ridge for a 
long distance westward before coming to the first outcrop of the volcanic 
rock. ‘This emerges from the sands of the post-Glacial lake (in the roadside 
just east of H. and L. EK. Upham’s house) midway on the north slope of 
the ridge. 

Curiously, this eastern end of the sheet, where it disappears beneath 
the sands, is directed northeast, while the south end of the great Deerfield 
bed in Mount Toby is directed southeast, toward the great core of diabase 


1Jn 1894 Mr. Benjamin Smith Lyman published, in an article entitled ‘‘Some New Red horizons” 
(Proc. Am. Philos. Soc., Vol. XX XIII, p. 192), ‘‘a conjectural map of the Connecticut and Massachu- 
setts New Red.” This map is said to have been ‘‘compiled from Professor Emerson’s map of the Massa- 
chusetts New Red,” so far as the part here under discussion isconcerned. On the same page (loc. cit., 
p. 202) it is stated that ‘“‘the topography seemed to indicate clearly the necessity of reducing the 
extent of the trap, in some places very much,” and ‘‘in Massachusetts, too, near Mount Toby, and at 
the eastern end of Mount Holyoke, the topography seemed to require the changes that have been 
made in the mapping of the trap.” As a result, the trap is carried along the bare sandstone ridges to 
the Belchertown ponds and apparently doubled in a wholly inaccurate way, while the Deerfield bed is 
still more wrongly drawn. The whole shows clearly the incapacity of the gentleman to interpret 
topography in terms of geology. Again, the coarse conglomerates of Mount Toby, which my map 
shows to rest on all sides directly on the crystallines, is assigned to the ‘‘Gwynnedd shales” and placed 
in the upper half of the series above the ‘‘ Norristown shales,” to which a thickness of 6,100-| feet is 
assigned. All the fossils of the Trias are referred in an indefinite way to the ‘‘Norristown shales”— 
that is, to a horizon below the Mount Toby conglomerates, which is also wide of the facts. At the 
beginning of the article, in the midst of several pages of harsh criticism of his predecessors, the 
author says of his attempt, ““There is reason to hope that it may keep well within the not wholly 
unprecedented New Red proportions of 2 bushels of conjecture to 2 grains of fully ascertained fact.” 
(Loe. cit., p. 193.) So far as Massachusetts is concerned, I think he has hardly kept within the pro- 
portions he had set himself, and this is the more surprising as the author is a native and nominal 
resident of Northampton, which is in sight of the rocks he has mapped so incorrectly. 
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in Pelham, on Amethyst Brook. The sheet mounts the hillside obliquely 
toward the west, and where it reaches the crest of the hill has a thickness 
of about 260 feet, and where it crosses the first road, the Bay road, running 
to Belchertown, of about 370 feet. It presents only alow bluff to the north 
and dips south with an angle of 25°. It does not grow much thicker as it 
is followed west, nor does the bluff become more prominent until, having 
passed the second road over the mountain, it rises to a much greater height 
in the long, flat-topped ridge which is so marked an object as seen from the 
north and which is locally called Long Mountain or Flat Top. The crest 
has had across Belchertown a height of 450 to 475 feet above the sea, but 
rises in Long Mountain to a height of 600 feet. This is explained in part 
by the thickening of the bed, which measures here 542 feet east of the 
Granby road, 612 feet at the eastern central, 770 feet at the center, and 824 
feet atthe western central part of the mountain. The last of these measure- 
ments was made carefully with a chain by Mr. W. E. Sanderson. It would 
seem that several undiscovered faults must have been crossed, as the number 
seems much too large. 

This sudden elevation of Long Mountain is also partly explained by 
the faults which bound it on the east and west and present the edge of 
the sheet in this mountain at a better angle for resisting the southward 
movement of the ice. The fault on the east is beautifully marked, runs 
with the dip, and transfers the outcrop of the bed southward by just the 
amount of its width. The second fault is directed southwesterly, making a 
large angle with the dip, and on its eastern side the dips have more easting, 
so that the outcrop of the diabase extends southwestward for a long way 
and ends in a point far south of the main ridge. (See Pl. IX.) 

Following the ridge a mile west one sees a sharp, heavily wooded, 
conical peak, locally called Rattlesnake Knob, which is the next marked 
peak after leaving Long Mountain, and which is a quite exact imitation 
on a small scale of the next high peak to the west, namely, Norwottock 
or Hilliards Knob, the highest point on the ridge east of the Connecticut. 
To the east of the small cone is a deep, semicircular depression, exactly like 
one at the western foot of Long Mountain, and like it caused by a great 
fault. In both these depressions sandstone forms the crest of the ridge. 

Both these faults run southwest, and between them an isolated section 
' of the trap sheet, called Bishops Mountain, is placed, en échelon, running 
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southwest far down behind the continuation of the bed, which, starting 
again in the small cone, Rattlesnake Knob, runs on westwardly through 
Norwottuck. Bishops Mountain is a high isolated ridge.’ 

This fault is, on the eastward face of the small cone, marked by an 
almost vertical wall, nearly a hundred feet high, and climbing this wall 
one finds midway a narrow shelf, composed of the sandstone resting against 
the trap. The sandstone is not baked, nor is the trap amygdaloidal, nor 
aphanitic, but of the grain usual to the central portion of the bed. It is, 
however, brecciated at the contact by crushing and recemented by silica, 
as can be seen by digging at the southeast corner of the narrow flat. 

Westwardly the heavy vertical bluff continues, deeply notched at the 
“Notch” and the “Low Place,” until, after presenting for several miles its 
vertical wall to the north, it sweeps down in a magnificent section, nearly 
at right angles to its dip, from the height on which the Holyoke House 
stands, past Titans Piazza with its fine columns, to Titans Pier, where it 
plunges beneath the waters of the Connecticut to rise on the west side of 
the river to the top of Nonotuck in a section which is the counterpart of that 
on the east. 

The Notch is produced by erosion on a northwest-southeast fault, with 
upthrow on the east, which causes the fine northeast. bluff of Bear Moun- 
tain on the west of the notch road and the equally marked southwest bluff, 
which stretches away southeast on the southern aspect of the range east of 
the road. 

That the Holyoke and Mount Tom beds are connected beneath the 
river admits of no doubt. As one stands below Titans Piazza, midway in 
the Mount Holyoke section, and looks across the river, the Mount Tom 
section opposite is seen to be the exact counterpart of the former, and from 
the two mountain houses which crown the crests of the ridges on either 
side of the river the massive beds sink down southwardly, and agree in 
the character of the sandstone beneath, in the amount of its baking by the 
bed, and in the character and thickness of the trap itself. The Holyoke 
ridge ends in Titans Pier, whose vertical walls rise 65 feet above the water, 
and at exactly the corresponding point on the opposite bank the trap 
appears and runs west in a heavy ridge across the low terrace flats and, 
turning, mounts up to the crest of Mount Nonotuck and forms the high 
continuous ridge to its culmination in Mount Tom. 


1 The contours of the map are here quite incorrect. 
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Seen from the west, a marked depression and eastward recession of a 
central section of the trap ridge is manifest, and as the smaller eastern bed 
was finely faulted at points opposite to the extremities of this section and 
the part between the faults moved east, these faults were prolonged west- 
erly to explain the structure of the main bed, and I was able by later 
study to locate them quite exactly on the ground. The northern is very 
plainly marked in the western boundary of the main sheet, which bends 
sharply east in an acute angle. 


THE FAULTS AT MOUNT TOM AND SOUTHWARD. 


Viewed from the south, Mount Tom is a table mountain, having a nearly 
horizontal sheet of trap, 300 feet thick, resting upon a great pedestal of sand- 
stone which rises about 900 feet above the sea, with vertical scarp on west, 
south, and east. At the foot of the eastern scarp a fault runs very obliquely 
to the course of the bed, about N. 35° E., and on the west of this fault the 
mass is raised about 650 feet, so that if one stands on the road south of the 
mountain the trap seems to come to a sudden end in Mount Tom, but turn- 
ing eastward one can traverse its whole width and can follow it thence 
south continuously across the State, and can trace the sandstone north in 
a sharp triangular projection sent in between the two sections of the trap 
by the displacement of the fault. This eastward-facing bluff of Mount 
Tom sinks northwardly; but where the fault crosses the river and makes 
the westward-facing bluff of Mount Holyoke the throw is about the same. 

At Titans Piazza we have strike N. 85° W., dip 22° §., which would 
carry the base of the trap far below the level of the river at Titans Pier. 
Since, then, the lower contact appears at the water’s edge at Titans Pier, 
another fault must pass to the east of this point, running between the pier 
and the piazza, with an upthrow on the west of about 625 feet. 

The new Holyoke reservoir lies just across the north line of Holyoke 
in Northampton, and the wood road from its north end soon crosses a brook 


‘running north, and here the gray sandstone rests against the main sheet of 


trap, which is brecciated for several feet down and cemented by a fine, 
light-gray sand at the contact on the fault. 

The slickensided fault-wall has been well exposed by the cut on the 
electric road just south of the lower station of the cable road onto Mount 


Tom; and about 5 rods south along the fault, where a small brook comes 
MON XXIX——29 
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down over the trap, above a small quarry, is an excellent exposure of the 
fault showing a marked brecciation of the adjacent beds. 

The ridge reaches its culmination in Mount Tom because of the great 
upthrow on the fault running at the eastern foot of the mountain, and not 
because of any thickening of the trap sheet there; it has a thickness of 
about 250 feet at Mount Nonotuck and about 300 at Mount Tom. It then 
sinks down to a comparatively low level, but continues south as an 
* unbroken ridge, rising in Provens Mountain, in Agawam, to 625 feet, and 
running, with thickness not greatly diminished, to the south line of the 
State, and upon Percival’s map of Connecticut it is prolonged without 
interruption to the south line of Simsbury. 

Parallel to the Mount Tom fault run three others, farther south, which 
cross the trap ridge very obliquely; and, which 1s of more interest and 
importance, all four run parallel to the western rocky border of the basin. 
One forms a gap in the range in Holyoke through which passes the rail- 
road which connects this town with Westfield, and this I have called the 
Holyoke fault. The second forms the notch for the passage of the West- 
field River, after which I have named it. The third determines a notch in 
the range at the point where it enters Connecticut, and I have referred to 
it as the State-line fault.’ | 

These parallel faults divide the country into narrow oregraphic blocks 
which are tilted to the east, producing the uniform easterly dip; and, further- ; 
more, each block seems to be raised vertically as compared with its neighbor 
to the east, a structure which seems most marked in the case of Mount Tom. 

This produces a pattern in the boundary of the trap ridge on the map 
which is repeated at each fault. The western boundary of trap on sand- 
stone below swings round in sickle shape to meet the fault, while the eastern 
boundary of sandstone on trap is transferred to the northeast along the 
fault line. Thus the ridges are slightly echeloned, ending in a high rounded 
bluff on the south, while the continuation of the ridge is to be found moved 
north and east and beginning in a sharp point. 

As the fault lines run so nearly parallel to the trap itself, they form the 
boundary of the latter for long distances. This is recognizable on the east 
by the fact that where the sandstone rests normally on the trap the upper 
surface is very scoriaceous and full of inclusions; where the fault boundary 


1 See pages 370, 476, for further discussion of State-line fault where it crosses the posterior dike 
and the river at the Holyoke dam. 
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is present on this side, sandstone occurs in immediate proximity to compact 
trap for long distances. On the west, in many cases, if not in all, vertical 
bluffs and ‘‘Devil’s Gardens” of trap débris coincide with the fault bound- 
aries of the trap along the uplifted edge of the blocks. The researches of von 
Koenen’ as to recent movements on such fault planes suggest the possibility 
that many of these vertical trap bluffs may be the result of such recent 
movements. I think this consideration has sufficient force to deprive these 
vertical bluffs of any value as measures of the time since the disappearance 
of the ice, as I have attempted to use them elsewhere. The effect of these 
faults is more manifest upon the narrow posterior bed. (See p. 473.) 

The results regarding Triassic faulting are in accord with the very 
valuable discoveries of Prof. W. M. Davis in Connecticut (p. 377.) So far 
as the substratum beneath the Triassic is regular and has north-south strike, 
the faults agree therewith. Where, under the Mount Holyoke range, the 
substratum is a great granite massive and two great trap plugs further 
complicate matters, the faults are correspondingly irregular. 


GENERAL CHARACTERISTICS OF THE SHEET. 


At the east end the bed is amygdaloidal in almost its entire thickness, 
and greatly decomposed. This general decomposition of the whole mass 
is a striking characteristic of the whole bed, and even where it seems as 
fresh as possible, as where it was blasted through at the “Iron Gate” (Ther- 
mopyle) for the passage of the riverside road to South Hadley, the micro- 
scope shows it to be deeply decomposed. It presents far less range and 
variety of texture than the Deerfield bed, being mostly aphanitic and 
showing only a faint porphyritic structure by the development of the 
earlier generation of feldspars to distinct visibility. Back of the Holyoke 
Mountain House and on Titans Pier it is exceptionally coarse-grained and 
gabbro-like in texture, the broad, flat, black sheets of pyroxene being often 
markedly warped and one-half inch in length. Unlike the newer traps, its 
fissures are cemented by quartz. ; 

Following the sheet westward the amygdaloidal texture is confined to 
the upper portion of the bed, except where it is under-rolled, when a marked 
steam-hole structure takes its place at the base of the bed. 

It is everywhere, after reaching its full thickness, rudely columnar, and 
at Titans Piazza the columns are of the largest size and in great perfection. 


1 Jahrbuch K. preuss. geol. Landesanstalt, 1886, p. 467. 
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NORMAL CONTACTS OF DIABASE ON SANDSTONE. 


East of the Bay road, the most easterly road crossing the Holyoke 
range, no direct contacts are visible. Pieces of the sandstone indurated by 
the trap have been found in the neighborhood of the lower contact. 

At the northwest shoulder of Rattlesnake Knob—the conical hill east 
of Norwottuck, or Hilliards Knob—a very interesting contact is exposed. 
If one goes east from the fault which limits the trap at the east foot of the 
peak, and follows the contact as nearly as may be across the talus at the 
north foot of the peak to a point below and a few rods west of where the 
peak sinks down to the ridge which connects it with Norwottuck, one finds 
a vertical wall of the trap projecting over the sandstone where the contact 
is exposed. The diabase is fine-grained, and the dark-red sandstone is 
baked for 3 feet down to an unusual degree into a rock closely resembling 
a schalstein. 

At the northwest corner of the sharp peak of Norwottuck, at the corner 
of a cleared field, a contact can be observed. The sandstone is indurated 
for a short distance. 

The next point is more accessible, being to the west of and just over 
the Notch road at the north corner of the ‘Devils Garden,” where the trap 
can be seen from the road below to be overhanging. Here the sandstone 
is coarse and is darkened and indurated to a complete quartzite for a foot 
down, and slightly vesicular. 

There is another exposure on the south side of the north footpath to 
Mount Holyoke.’ , 

The next place is just north of Titans Piazza, a place figured by 
President Hitchcock,? and here the diabase is at its base very black and 
compact and full of vertical steam holes a foot or more long. The sand- 
stone below is baked into a tough quartzite or hornfels for a foot down. 


CONTACTS OF UNDER-ROLLED DIABASE CONTAINING INCLUSIONS OF LIMESTONE. 


A remarkable wall of trap is exposed at low water of the river at the 
north foot of Titans Pier, just where the Hadley town line reaches the 
river, below a small cemetery. The contact is visible for 100 feet. The 


1K. Hitcheock, Am. Jour. Sci., Ist series, Vol. XIII, 1828, p. 218. 
2 Final Report, Geol. Mass., 1841, p. 640. 
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coarse-grained, rusty sandstone below is but slightly indurated, and for 
only a small distance. The diabase is aphanitic and full of steam holes 
for 13 feet up, and contains in great number angular fragments and long 
filaments of a drab, fine-grained, compact argillaceous limestone, up to 6 
inches in length, together with fragments of a fine-grained micaceous sand- 
stone. The two are often kneaded together, as if both had been plastic. 
The lower foot of the trap is quite free from inclusions, and the pores are 
here large, distant, and more like the cavities formed by the upward motion 
of the steam than by simple expansion. 

Both these rocks are represented in the Chicopee shale, and this point 
is at the northern limit of this series. They are unlike the coarse sand- 
stone on which the trap rests; so that it is not impossible that the trap may 
be slightly faulted upon the sandstone at this point. 

This is the material which was classified by President Hitchcock as a 
variety of greenstone, under the title ‘indurated clay,” and the locality 
given above is the only one cited.’ 

PETROGRAPHICAL DESCRIPTION, 

Under the microscope the limestone is fine-grained, with many grains 
of quartz as well as of calcite. In a narrow, superficial layer, $™™ wide, at 
the contact of trap and limestone the limestone is recrystallized as a much 
coarser and purer calcite. Along one portion of this zone the cross sections 
of distinct, sharp scalenohedra appear, and these are now covered by a layer, 
a” thick, of a finely fibrous mineral. Rarely there occurs in this zone a 
long blade with rounded end extinguishing longitudinally and inclosing 
rounded grains of calcite resembling those included in the Laurentian 
apatites. The mineral seems to be tremolite. The calcite scalenohedra 
rest on the diabase at the contact line, and project into the recrystallized 
zone of the calcite, where they are surrounded by the colorless fibrous 
layer (aragonite?), which is of constant thickness, and upon this rests a 
botryoidal layer of ankerite or siderite in simple rhombohedra, with rust 
marking the cleavage, and above this a coarsely crystalline calcite. 

In the above section the diabase is typical and is unchanged up to the 
contact, and the recrystallized band gives no evidence of high temperature. 
In a second section, cut a few inches from the first, the results are quite 
different. There is no zone of coarser crystallization surrounding the 


1 Rept. Geol. Mass., 1835, p. 409; 1841, p. 644. 
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limestone, but here and there a large crystal has developed porphyritically, 
enveloping the dusty ground in which it grew. In several cases five scale- 
nohedra are joined at base to form a star. In one place is a round section, 
'4™ across, of coarsely granular and clear calcité without the dusty matter 
of the rest of the limestone, and with its large grains untwinned, which 
projects half into the limestone and half into the trap, as if the two had 
been plastic together and a steam hole had been formed at the border. 
Another oval body of the same size as the above is composed of the same 
clay-dusted granular limestone as the large fragment, but has a border of 
larger grains, and, while retaining its shape and individuality, is thrust 
a third of its length into the main mass, while two-thirds its length projects 
into the trap. It seems here also as if the large mass must have been 
plastic and impressed by the smaller one. The limestone fragment itself 
has straight sides and shows a distinct contact effect, its mass being slightly 
reddish, while a border 2™™ broad is greenish and is separated from the 
reddish interior by a band of black cubes, apparently altered pyrite. 

The endomorphic changes in the trap are much more marked than in 
the former case. A zone 24™™ wide is made up of a red-brown base in 
which the few and distant feldspars appear like windows. A broad, clear, 
brown halo surrounds each feldspar and an opaque brown mass fills the 
scanty interspaces. This gives the groundmass a curdled appearance. It 
contains beautifully sharp calcite crystals, scalenohedra and rhombohedra. 
With higher magnifying power the ground is resolved into a fine hyalopilitic 
eroundmass made up of beaded threads a to yw™™ across and 3™™ long, 
radiating in tufts from the feldspars and showing aggregate polarization 
and black cross. It polarizes in blue colors. This felt of fine threads is 
beaded with a black dust to make the more opaque portion of the ground. 
This zone passes gradually into the normal diabase. 

A contact of the trap with the sandstone below is exposed in the road 
leading up to the Nonotuck House, showing a distinct but not important 
induration of the sandstone. It contains the same inclusions of limestone. 

The diabase at its contact with the sandstone below, at the northwest 
shoulder of the peak next southwest of the Nonotuck House, is for a height 
of 7 feet kneaded full of fragments of a fine-grained buff sandstone, and the 
trap itself is filled with dark-green amygdules. The sandstone effervesces 
only at its contact with the trap. The diabase is greatly decomposed, only 


al 
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the feldspars retaining their form. The amygdules consist of radiated dia- 
bantite, so fine-fibrous that it looks like an olive-green serpentine, and it 
scarcely polarizes. In it are grains and crystals of calcite, and, floating 
freely, many small feathery albite groups, visible only with the micro- 
scope, and resembling those described (p. 443) from the cavities of the 
Deerfield diabase. They are in twins; extinction 6 to 9° on each side 
of twinning suture. In one case the angle of extinction with the trace of 
OP (001) measured on o P & (010) was + 4°, indicating albite. 

Also where the boundary of the trap swings farthest east at the south 
foot of this peak the base of the trap is full of angular fragments of dove- 
colored indurated clay, calcareous and having minute muscovite scales, 
and the two substances are molded together and the trap is amygdaloidal, 
as at the occurrence on the south line of Holyoke. Under the microscope 
secondary plagioclase rods like those in the diabantite cavities can be seen 
in this rock, and they are visible as shining lines with a lens. The trap at 
contact shows a distinct endomorphic change. The feldspar rods decrease 
in size and number and the magnetite grains increase until a black opaque 
border 2-3™" wide intervenes. In other places the trap is shattered and its 
fragments mingle with the sedimentary matter (see p. 368). <A further 
contact occurs just north of the Westfield-Holyoke highway, directly west 
of the town line. Here the baking of the sandstone is marked, but the 
trap above does not contain inclusions. 


NORMAL GONTACT OF THE SANDSTONE ON THE DIABASE. 


At all points where the upper contact could be seen the diabase is 
very amygdaloidal and is often finely filled with secondary calcite and 
zeolites. The sandstones rest upon the trap, filling irregularities, and not in 
the smallest degree indurated or in any way showing heat effects. 

Dry Brook, which runs by Larrabee’s quarry im the extreme north of 
South Hadley, flows for a long distance west along the back of the south- 
ward-sloping trap sheet, with sandstone for its lower (south) bank, and it 
affords the longest continuous section of the contact. Following it up 
eastward over the divide a similar valley runs east and continues to 
expose the same contact, and farther east it is shown in each brook gorge 
that comes down the south of the mountain. The amygdules are here 
filled with natrolite and calcite, and form beautiful objects under the 
microscope. 
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The above description applies to all contacts from the east end of ‘the 
bed to the Connecticut River and from the Westfield River to the south line 
of the State. 


CONTACTS OF SANDSTONE ON DIABASE WHICH IS KNEADED FULL OF LIMESTONE 
AND SHALE. 


Between the Connecticut and Westfield rivers fine shales rest on the 
trap, and the upper surface of the latter is full of inclusions of limestone and 
shale. This can be seen just south of the station of the Mount Tom Electric 
Road, but it can be studied best at Dibbles Crossing on the south line of 
Holyoke, as described below. 


SECTION OF TRAP FILLED WITH LIMESTONE FRAGMENTS ON THE WESTFIELD- 
HOLYOKE RATLROAD. 


At the first rock cuttings in the main trap sheet on the railroad near the 
south line of the town of Holyoke the upper surface of the bed is exposed 
and is covered by thin-fissile argillaceous sandstones containing Pachy- 
phyllum. For a distance on the strike (north-south) of 1,475 feet, and 
with the dip (east-west) of 200 feet, the upper portion of the bed, to a 
thickness of 6 to 12 feet, is so filled with fragments of the clayey limestone 
and sandstone that everywhere the two rocks are present in about equal 
quantity. The limestone is in small pieces, angular and little altered, or the 
pearl-gray fragments are molded and kneaded together with the trap. It is 
as if the trap, plastic from heat, were molded together with the marl, plastic 
from moisture. The trap is fine-amygdaloidal, the cavities filled with 
secondary calcite and diabantite. In the section figured on PI. ITI, fig. 4 
(p. 208), the trap is already solid; the mud flows into its minute cavities. 
When polished surfaces of the mass and thin sections are examined, the 
fact of the mutual molding of the two rocks is clearly established. (See 
Pl. VIII, figs. 1, 2, p: 428.) 

With a lens the limestone is seen to be fine-oolitic, at times very dis- 
tinctly so, with round grains 0.6 to 0.9" in diameter and made up of finely 
granular material dusted with minute opaque grains. There is only rarely 
a trace of concentric structure. At times the amount of clay becomes con- 
siderable and the fragments are of a thin-laminated calcareous marlite. 
That this limestone was deposited in place and has molded the trap is 
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entirely clear from an inspection of the figure, showing how it surrounds 
multitudes of the trap fragments and insinuates itself into all sorts of narrow 
and tortuous crevices. It can be seen where the muddy mass has flowed 
into steam holes broken into on the surface of the trap, and there is a dis- 
tinct fluidal structure of partly concentric lines in the mass, each bending 
less deeply into the cavity than its forerunner. The limestone is in places 
brecciated by the internal motion and explosions of the mass, its fragments 
in part rounded by solution and recemented; it is homogeneous in every 
part, and shows no marked effects at the immediate contact. 

If it is clear that these fragments of trap have been molded in the 
oolitic mud, it is equally clear that this mud has been involved in the liquid 
trap. Indeed) the thin sections were made from a point in the wall of the 
great trap sheet exposed in the railroad cutting at least 10 feet below the 
surface and wholly included in the continuous mass. That the trap frag- 
ments were liquid when they came in contact with the limestone is shown by 
the endomorphic effects produced in the trap itself at the contact. There 
is generally a thin film of pure and transparent glass in contact with the 
limestone; then comes a border, 3 to 5™” wide, which is dense black from 
the amount of fine magnetite grains precipitated in a colorless ground and 
contains exceedingly minute feldspar needles. In the larger fragments the 
feldspars gradually enlarge toward the center and the magnetite diminishes 
until a normal trap results in which the larger generation of feldspars 
contains fine ramose glass inclusions, but in fragments less than 10"™ in 
diameter the whole section is dense black. The small, round steam holes 
are much more abundant in these borders than farther within the normal 
trap. 

Streams of the small rounded grains of limestone can be seen penetrat- 
ing the trap, running into it for several millimeters. The grains are in great 
numbers, at first in contact with each other and without trace of intervening 
trap, and as the stream is followed inward the rounded grains separate and 
float freely in the trap. They are distinguished from the secondary steam- 
hole fillings of crystalline calcite by being of finely granular material, often 
dusted with black trap grains. This black trap dust is abundant in places in 
the larger limestone masses and is an indication of the shattering of the hot 
trap by the oolitic mud. The true steam pores are filled with diabantite or 
calcite coarsely crystallized in transparent masses showing many twin lamine. 
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The marl and trap are often intimately mixed together like two nonmisci- 
ble fluids, and the dark-gray or red-brown trap and the pale-gray clay 
rock produce the effect of Castile soap. Long filaments and stringers and 
rows of bubbles of the clay go out very generally from the larger masses of 
the clay rock into the trap in a way explicable only on the assumption that 
a mass of muddy clay was thrust suddenly into the liquid trap. At the 
north end of the east wall of the cutting is a sheet of the clayey sandstone, 
which is about 12 feet long, a foot wide at the center, and tapering to 
nothing at the ends. Above and below this the trap is coarsely amygda- 
loidal, or rather abounding with rounded, beaded, and variously lobed 
cavities, which are filled with the gray mud.* Some of the pores were left 
empty or only partly filled by the mud, and these are filled with white 
infiltrated calcite, making a striking contrast. In many cases it can be 
seen that the mud has risen from the stratified mass of the argillaceous rock 
to form and fill the cavities. That the bubble-like masses of mud have 
thus risen from this larger mass, and that they are regularly disseminated 
in the trap and are not simply the filling of superficial steam holes, can be 
clearly seen, and the trap can be chipped off and layer after layer of the 
gray drops seen to be isolated in the trap (see Pl. VIIIO, fig. 1, p. 428). 

In one case there can be seen at the height of one’s eye, at the south 
end of the west wall, a series of blocks filled with drops, and the mud mass 
from which they stream can be seen below, while now the mass containing 
these mud amygdules is itself shattered and its fragments cemented by 
more of the same mud (see Pl. VITID, fig. 2). In other places a thin, gray, 
laminated, sandy shale is confusedly mingled in the trap, its layers being 
greatly warped and twisted. Under the microscope the mixture can be 
seen to be still more intimate, and while there was often a complete 
emulsion of the two nonmiscible fluids there is only a slight chemical 
action discernible. Only a microscopic layer of recrystallized carbonates 
appears.” , 

In other cases the whole wall has a coarse, conglomeratic look, rounded 


'The later infiltration of calcite has changed this mud into a massive gray rock exactly like the 
claystones so common in the Champlain clays. 

2If anyone visits this most interesting locality, which is situated 4 miles from Holyoke, on the 
road to Westfield, he will find that the ridge running from the Dibble house south to the next house is 
cut by the railroad, showing the trap and the sandstone above. In theswale west of this small ridge is 
a fault, which can be seen in the brook directly behind the second house. West of this fault the series 
is repeated, and the broad surface of the trap for a mile north is filled with the foreign material. 
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portions of the trap as large as a fist being wrapped around by thick flakes 
of the thin-fissile, sandy shale, as if balls of putty had been separated by 
being folded in thick wads of wet wrapping paper. 
; Above this intimate mixture a few angular fragments of scoria are 
inclosed for a foot or two in the thin-bedded sandstones. This layer can be 
followed north 10 miles wherever the upper surface of the trap is exposed. 
Another contact of the sandstone upon the trap occurs on the West- 
field-Holyoke highway, just where it crosses a brook, and this is the most 
southern point where the trap contains limestone inclusions at its surface. 
President Hitchcock plainly refers to a further effect of the trap farther 
south on this line, in West Springfield, at a place which escaped my obser- 
vation, when he speaks of the limestone in contact with the trap being 
converted to “tripoli” and in part made brittle as glass.’ 


MAGMATIC DIFFERENTIATION. 


Many fragments of the trap which were inclosed in the mud while 
still molten are bordered with black from the concentration of the iron in 
feathery groups of twinned octahedra of magnetite. This illustrates on a 
small scale a process which has been the subject of much study—the ditfer- 
entiation of a molten magma into a more basic portion, which seeks the 
cooled outer surface, and a more acid one, which remains at the center. 
When this process is carried to its limit the centers of the fragments 
become white and free from iron and iron-bearing minerals, and the frag- 
ments of white trap described on page 365 seem to have been thus formed. 
They are found only in this contact layer and in the sandstone immediately 


above it. 
ORIGIN OF THE CLAY AND MARL DEPOSITS. 


It is hard to explain how, over a portion of the surface of the great 
sheet, so large a quantity of laminated marl can have been deposited and 
then become so regularly and deeply intermixed with the trap. It seems 
most probable that the central currents carried the mud out over the sheet 
while it was still moving, and filled its brecciated surface, and that the mud 
flakes sank down at times into the still-liquid trap in such quantity that 


they were merely indurated. and cemented by the small quantity of the 
diabase. 


1Geol. Mass., 1835, p. 433; 1841, p. 659. 
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The thick trap sheets flowed out over the muddy bottom of the bay, 
and their heat produced strong upward convection currents and corre- 
spondingly strong indrafts from the sides, which carried muddy waters 
out over the surface of the trap while it was still flowing and covered it 
with a quantity of calcareous mud out of proportion to what would have 
been carried in the same time by the normal currents. I have seen sheets 
of newly solidified lava careen and slide beneath the liquid mass at Kilauea, 
and the sheets of mud and lava may have thus become variously mingled 
here, producing the results described above. The surface of the Holyoke 
trap sheet is filled with fine mud just as far north as the fine Chicopee 
shales extend; and farther north, where the sheet flowed over coarse 
gravel, nothing of the kind occurred, because the coarse gravel could not 
be thus carried out over the thick sheet. 


ON THE UNDER-ROLLING OF THE SOLIDIFIED SURFACE OF THE TRAP. 


The appearance of the same layer at the base of the trap sheet is 
explained by the under-rolling of the newly solidified surface of the sheet, 
as when a carpet is unrolled on the floor what was on top descends along 
the front and comes to lie inverted beneath. 

Thus the porous mud-filled surface came to form, inverted, the base 
of the bed, and to rest, though filled with fine mud, upon the coarse sand 
onto which the sheet had advanced. 


'I have already reported very briefly upon this occurrence (Am. Jour. Sci., 3d series, Vol. XLIII, 
p. 147); too briefly, it would seem, as the facts given were wholly misunderstood and incorrectly 
quoted by Professor Dana and made to do duty in proof of the laccolithic origin of the Mount Tom 
trap sheet. In his Manual of Geology, on page 805, he says: ‘The limestone had been torn off from a 
layer not visible in the section.” 

This was the very point I was trying to disprove, by showing both that there was no bed in the 
older rocks of the region from which any such material could be derived and that the shapes of the 
inclusions were not such as would be possible in solid rock torn off from the walls of the fissure 
through which the lava flowed, since it was in thin filaments and flowed in to fill all the open steam 
holes of the trap fragments. 

On the next page, 806, he says: ‘‘A laccolithic origin and the abrasion of the underlying sand- 
stone are indicated by the occurrence of breccia beneath the trap, and especially by the limestone 
chips in the lower part of the mass of the trap, and also over its upper surface, as described by 
Emerson. A bed of limestone was evidently divided by the advancing tongue of melted trap, part 
being left below and the rest above. As Emerson observes: ‘The facts prove that the heavy trap 
flowed over the sandstone, abrading and tearing it.’” 

This was plainly quoted from a very dim recollection of the article in question. There is no 
breccia beneath the trap. The inclusions can not be called chips, and there is not the slightest 
evidence that the melted trap has split asunder a bed of solid limestone. I have not made, in the 
article cited or elsewhere, the observation quoted in the last sentence, since the facts all prove exactly 
the opposite. I know of no facts favoring a laccolithic origin of the Holyoke trap sheet. 
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At every point where the surface of the trap sheet can be inspected, 
from where it crosses the Connecticut to where it crosses the West- 
field-Holyoke Railroad, it has included a great number of fragments of 
marly limestone and indurated clay, and the trap and limestone are often 
kneaded together. Within the same limits the base of the trap repeats all 
the peculiarities of the surface. It is amygdaloidal for about the same 
thickness and in the same way; the same dove-colored limestone occurs 
blended with the trap in the same way; and the subjacent arkose is 
almost wholly unaffected by heat. The 300 feet of trap have not pro- 
duced so much effect as is often seen upon the border of a 10-foot dike. 
This is best studied at the river’s edge at the north foot of Titans Pier 
On the other hand, where the molten surface of the trap sheet has come 
in contact with the sands of the sea.bottom, as at Titans Piazza, 100 rods 
north, the trap is aphanitic at the contact, but pierced by great vertical 
steam holes, and the sandstone is greatly baked. It seems that the broad 
submarine trap sheet moved slowly westward, its incrusted surface being 
covered by a fine marly clay deposit which was in places desiccated and 
molded together with the still plastic trap, and that the surface was car- 
ried forward to be rolled over the front and become the bottom along a 
length of about 10 miles. The limestone and marlite inclusions of the 
surface and base of the trap have been described in detail above and. their 
identity established, and similar cases of under-rolling of the Deerfield dike 
and of the posterior dike have been given elsewhere.* 


PETROGRAPHICAL DESCRIPTION OF THE NORMAL DIABASE. 
GENERAL DESCRIPTION. 


The rock is so monotonously uniform in all its characteristics that much 
repetition will be avoided by giving first a general description of the com- 
mon type and then following this by a special discussion of the peculiarities 
of separate occurrences. 

The rock from the “Iron Gate,” or Thermopylee, where a passage has 
been blasted through a projection of the Holyoke sheet for the river road 
to South Hadley, near Titans Pier, coming from near the middle of the 
sheet, is an especially fresh-looking variety, and may serve as the new type 
for general description. 


1 See pages 419, 470. 
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It is a dark-gray, almost aphanitic rock, with broad conchoidal fracture 
and without any tinge of red or brown in its color. It is faintly subpor- 
phyritie, and with a lens the scattered, minute, squarish feldspar cross sections 
appear, and at times a triclinic striation can be observed. At times, also, 
one detects a black cleavage surface of augite, but only with difficulty. 

Under the microscope the rock is seen to be a typical diabase, the 
network of elongate feldspars inclosing the shapeless masses of augite. 
Two generations of feldspar, augite, magnetite, and apatite make up the 
constituents. 

The larger feldspars of earlier generation are distantly scattered in 
the field in squarish crystals or crystal groups, and measure about a mil- 
limeter across, and this is by far the commonest size in all the slides | 
have examined. They often show indication of transportation, being 
broken, or showing undulatory extinction, or having an external band 
which extinguishes differently from the central. A delicate zonal struc- 
ture is at times present, or the center is full of opaque grains and the outer 
portion limpid. These latter structure forms are more common in the dikes 
than in the two large beds. The twinning striation is often interrupted and 
distant, so that quite broad patches belong to a single individual. At the 
type locality these large crystals are exceptionally fresh for specimens out 
of the large trap beds. They are, however, largely decomposed into a 
mass of shapeless, brightly polarizing scales, apparently micaceous, while 
more commonly both the generations of feldspar are decomposed into a 
fibrous saussuritic mass. 

In a long series of observations of the extinction angle of porphyritic 
crystals from every part of the valley, more than half the angles obtained 
were about 31°. This would indicate strongly that the feldspar was 
anorthite, which would agree with the results obtained by Mr. Hawes (cited 
below, p. 464) in an analysis of the porphyritic crystals of a dike cutting 
West Rock in New Haven. I may recall, also, Hawes’s suggestion that the 
more difficult fusibility of anorthite may favor its earlier crystallization. 

The second generation of feldspar, which forms the latticework, is 
lath-shaped, often with ragged ends and notched and irregular sides, and 
averages 0.1™ in length, though it is subject to more fluctuation than the 
larger group. Its extinction angles vary from 12° to 26°, which would 
best comport with the composition of labradorite. The rock under special 
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discussion is one of the freshest-looking in the valley, and yet it is some- 
times impossible to find in a slide a single feldspar on which one can 
observe the extinction, so decomposed are they, and the series of which 
the extremes are given above are taken from the whole length of the 
valley. 

The augite is strictly subsequent to the lath-shaped feldspars and 
presents little that is specially noticeable, though oftentimes it is less 
decomposed than the feldspars. It differs thus in the large sheets from 
the diabase of the tuff above and of the newer dikes, where the augite is 
often porphyritic and contemporaneous with the earlier feldspars. 

I have in many places. noted olivine with a query; but on reviewing 
the whole series of slides I have not been able to find either the unchanged 
mineral or any serpentine or hematite patches which would seem to have 
been derived from it at the locality under consideration or in either of the 
large trap sheets. In the dikes in the gneiss and in the newer dikes in the 
sandstones it occurs, and it may be wanting in the large beds only because 
of their advanced state of decomposition. 

Magnetite is uniformly distributed, always rather but never very 
abundant, generally quite well crystallized. The delicate featherwork of 
beaded octahedra is especially abundant at the base of the great bed at the 
contact on sandstone just north of Titans Piazza. 

Apatite, never abundant, is rarely to be detected except piercing 
magnetite. 

There is no trace of groundmass discernible between the constituents; 
rounded or pear-shaped blebs of glass appear in the older feldspars. 
Cavities filled with diabantite, rust, calcite, and zeolites are not wanting, 
even in the wholly compact rock we have chosen for discussion, but they 
are very minute. Sections from the upper surface of the dike where it 
is cut by Dry Brook in the northwest of South Hadley exhibit very 
beautiful amygdules, showing from without inward diabantite, calcite, and 
radiated natrolite. 


CHEMICAL COMPOSITION. 
In 1838 President Hitchcock analyzed the much decomposed and 


amygdaloidal trap from the east end of Mount Holyoke with the result 
shown in column 1.1. In 1875 Dr. G. W. Hawes published analyses of 


1 Economic Geology, p. 135. 
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the compact trap from Mount Holyoke (columns 2 and 3), and a mean of 
the same (column 4):? 


Analyses of trap from Mount Holyoke. 


1 2 3: 4, : 
ge saece at Gell cee 53.70 52.70 52. 65 52. 68 
AlpOs. sa. eas Josten Cee nee ee 13. 00 14.11 12037 Weta 
FeO... .cascceciel be pee nee eee een 9.78 9. 80 9. 79 
Fe;03 ..scihs ss ce See ee 21.00 1.87 2.08 1.95 
MnO ..1..$00t eee ee 0.19 0. 45 0. 44 0. 44 
CaQ....s0sscese ee ee 0.70 9. 36 9. 39 9. 38 
MgO ..'1i: cies occa 0.15 6. 42 6. 35 6. 38 
NaO. 22. caaehh gay ame en meee aon ener 2.54 2.57 2.56 
Ky 0 ,. acy see eee es ee 0. 89 0. 87 0. 88 
HO. o.oo ee ee |. BGO Nees ceca kc aeeetee tin ee erect 
S: and losses sees eee eee eee 2. AOS oes pace ene tee Ee one ee 
Ig . 21s cd Qaneeeeeeeees eee Aeon leat aes 1. 61 1.58 1. 60 
(a ——— | 
/ 100. 00 99. 73 99. 85 99. 80 


THE UPPER OR POSTERIOR SHEET? AND ITS FEEDING DIKES. 


This bed (see PI. IX, p. 446) runs from a point on the Connecticut 
River about a mile below the Mount Tom station, parallel with and about 
a half mile east of the Holyoke range, to and beyond the south line of the | 
State, while its great irregular feeding dike is about 2 miles south of Smiths 
Ferry and just east of Mount Tom, where on the map the outcrop swells 
out suddenly. It is locally known as Little Mountain, and forms the culmi- 
nating point of Forest Park, to which the Electric Road runs from Spring- 
field and Holyoke. 

The trap sheet shows the low easterly dip of the sandstone, in which it 
lies at a horizon about 600 feet above the Holyoke bed, though north of 
Mount Tom the two beds seem to be much nearer because of the Mount 
Tom fault, which at the cut south of the Mount Tom Electric Railroad 
station brings them apparently within 30 feet of each other. The bed is 
thick, but does not seem to extend east of the Connecticut, where the tuff 
rests directly on the sandstone. Yet an inspection of the map may leave 


1Am, Jour. Sci., 3d series, Vol. IX, 1875, p. 186. 
2 Called thus by Percival in The Geology of Connecticut, because the trap ridges face west and 
subordinate ridges often appear before and behind the main one. 
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the impression that it extends, at least in a fragmentary way, far east. The 
long eastern projection of the Black Rock plug (see PI. IX, p. 446) and the 
one east, and the string of smaller plugs elongate east and west, seem to 
be parts of it. They are, however, true intrusions, and their elongation 
seems rather to indicate the existence of a common ancient and deep-seated 
fissure through which they have been extruded. This is proved by the 
fact that they cut directly across the beds of the sandstone below the tuff, 
the tuff itself, and the sandstone above, while west of the river the tuff 
rests directly upon the posterior sheet. 

The sheet appears first as a great reef projecting into the Connecticut 
a mile below Mount Tom station, its northern portion fine-grained and col- 
umnar, its southern coarse and in great blocks, and is doubtless continuous 
beneath the sand southwest to the interesting outcrop at Lymans Crossing 
(the first crossing below Mount Tom station), where a wall of trap is exposed 
in the railroad cut. The northern portion of the cut is rudely columnar 
trap, with an irregular surface dipping about 35° SE. Resting upon this 
surface is a coarse trap agglomerate, consisting of blocks a foot across and 
a fine sandy paste, in which many flakes of graphite appear. This is the 
normal relation of the tuff to the posterior sheet for a long way south. 

A rod south of this tuff isan outcrop of trap which, from its great fresh- 
ness and compactness, and from its containing inclusions of coarse amyg- 
daloid from the tuff, I associate with the Burnt Mill plug just south, which 
interrupts the sheet at this point. A few rods south of the crossing a brook 
crosses the road, and on it is the ruin of Aldrich’s leather mill, burnt many 
years ago. The brook flows east along the course of a transverse fault, and 
at and below the dam can be seen very finely the outcrop of an intruded 
trap mass, which clearly cuts across the sandstones, bakes and twists them, 
and extends west along the north side of the mill pond. (See p. 494.) 

South of the brook and the fault the outcrops are continuous, and the 
posterior sheet can be seen to be wholly independent of the core which crops 
out north of the stream at the dam. Commencing at the railroad culvert 
over the brook, the sandstone can be seen on the south side of the brook in 
contact with and beneath the trap of the posterior sheet and having the 
unusually steep dip of 60° SE. beneath the trap because of the fault. From 
this point the sandstone can be followed along the south bank of the brook 


continuously, past the mill and the pond. It dips regularly to the southeast 
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beneath the trap (which has only slightly indurated it), and thus separates 
it completely from the intrusive trap of the plug north of the brook. 
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Fig. 25.—View of the posterior trap sheet and its feeding dike at Little Mountain, in Forest Park, Northampton. 


The removal of the mill and dam has improved 
the outcrop greatly and disclosed a quite sharp anti- 
cline of the sandstone beneath the trap in the south 
bank of the brook, which, as the dip of the sandstone 
is very low to the east, and the slope of the hill is 
in the same direction, has the effect to very greatly 
increase the width of the exposure of the trap, 
although the sheet is only 35 to 40 feet thick here. 

The half of this anticline as formerly exposed 
seemed to show the trap resting directly on the 
basset edges of the sandstone beds, and this, taken 
with the unexplained greater width, made it seem 
probable that the trap had broken through here.’ 
This anticline seems to cause the greater width of 
the trap outcrop south nearly to Smiths Ferry. 

From the burnt mill the outcrop of the upper 
bed extends southward as a prominent ridge just 
west of the river road and separated by a deep 
valley from the corresponding ridge of the Holyoke- 
Mount Tom bed to the west. In the steep west- 
ward declivity of this ridge the contact of the trap 
on the sandstone beneath can be found in many 
places, and the sandstone is indurated for a small 
distance downward and rarely sends up a steam 
hole into the trap above. The trap is covered by 
the heavy tuff beds, which seem in the neighborhood 
of the burnt mill to be blended with the trap itself, 
as if it had fallen upon the latter while it was still 
molten, so that it is hard to mark the true bound- 
ary, but no trace of such blending could be detected 
in slides cut for the purpose. 

The narrowing of the trap upon the map is 


due to the westward advance of the tuff upon it, by the elevation of the 
ridge, so that it outcrops in the steep westward-facing bluff. 


1K. Hitchcock, Geol. Mass., 1835, p. 429; 1841, p. 656. 
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Just northwest of the Smiths Ferry railroad station the trap is faulted 
slightly, the south side being moved a few rods westward, and in the low 
place in the ridge thus formed the sandstone approaches within 80 rods of 
the railroad. 


THE GREAT WIDENING OF THE TRAP AREA AND THE FEEDING THROAT 
BENEATH. 


A mile south of Smiths Ferry the trap widens to a triangular surface, 
a half mile on a side, and the ridge reaches its greatest height, rising 
westerly from the river to its crest in Little Mountain (now marked by 
the highest lookout tower in Forest Park) and sinking by a vertical wall to 
the valley which separates it from the Mount Tom trap ridge. (See Pl. 
TX, p. 446, northeast of Mount-Tom.) Along the western edge of the 
expanded area the thin trap sheet still rests normally on the sandstone, 
and on the eastern edge is covered by the tuff, and its great width is due 
to the fact that it dips with the slope of the hill east from its crest. In the 
deep inlets of sandstone running down into the trap from the north the 
latter can everywhere be seen to lie normally on the sandstone, with little 
baking, and along the border from this point around to the west the same 
conditions hold for a long way south, until one comes to the point where 
the wood road coming up from the reservoir crosses the brook and goes up 
onto Mount T’om, and where the posterior ridge itself rises to its greatest 
height in Little Mountain. At this point the face of the core is finely 
exposed for study, as indicated in fig. 25. The trap comes up from the 
depths with but a small portion (30 feet) of its width exposed, sending 
out great dikes into the sandstone north and south. The southern dike, 
starting with a width of 8 feet, was followed 50 feet. 

North of the core a small dike is seen inclosed wholly in the sandstone, 
and a wide dike branches from the main mass and can be followed a long 
way north before it is concealed by the talus. At the surface the trap flows 
out over the sandstone, greatly indurating it, and becomes the sheet which 
we have followed from the north to this point. The whole is like a great 
toadstool; the stem is the core which forms Little Mountain. The west- 
ern and most of the southern part of the “umbrella” is broken off by 
erosion; the eastern part is the sheet dipping east beneath the tuff. 

The exposed wall of trap shown on the left in the figure seems to be a 
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portion of the western wall of the plug, just grazed by the Mount Tom- 
Holyoke fault, and from its point of contact with the sandstone on the 
north the boundary of the plug seems to run first north and then about 
east beneath the continuous area of trap. The southern half of its bound- 
ary can be much more closely located. 

Continuing south from the south contact of the trap which forms part 
of the core and the sandstone in fig. 25 along the highest portion of the 
bluff, and turning round the face of the high bluff at its south end where 
it overlooks the reservoir, one finds the sandstone to be only a thin veneer- 
ing on the face of the walls of the great throat, and one can dig at the 
surface and see that the trap extends down behind the sandstone. The 
surface boundary of trap and sandstone is, along this line, almost the 
boundary of the core also, and erosion has spared little of the western half 
of the overflow. This boundary skirts the eastern vertical face of the bluff 
for a little way north, and as this bluff soon turns to face south, and runs 
east less steep and elevated, the surface boundary of trap and sandstone, 
turns and runs parallel with it, but not quite so near the edge of the bluff, 
and becomes the south boundary of the sheet as the latter extends east from 
the plug. 

The baking of the sandstone from the point where the plug was first 
reached has been exceptionally marked, but along this wall it is more intense 
than anywhere else in the valley and can be clearly perceived 12 to 15 feet 
from the trap. Along the middle of this south wall, which continues east 
from the plug, near the top, a foot-wide dike of trap is intruded between the 
nearly horizontal layers of the sandstone beneath the sheet. It is unusually 
decomposed, to a pistachio-green porous mass, with spheroidal structure. 

About 20 feet below this a great horizontal dike or sill starts, just at the 
reentrant angle made by the southward projection of the high bluff—that is, 
just where the plug ends and the wall of sandstone facing south begins and 
seems to branch off from the main trap mass. It starts with a width of 2 
feet and runs down east, widening soon to 12 feet, and continues with the 
bottom concealed, and at its end it bends up suddenly, with the sandstone 
on its back, into a vertical position. Itis exposed about 150 feet and is very 
fine-grained, black, and horizontally fissured for 2 feet at surface, and is an 
exceptionally fresh, ringing, small-columnar rock in the center. It sends two 
narrow dikes, an inch to a few inches wide, up into the overlying sandstone. 
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These pass upward in fissures for about a foot and then bend the unbroken 
layers of the sandstone above into an arch, forming minute laccoliths, and 
clearly indicating that the sill was injected under strong pressure. 


SILLS INTRUDED IN THE SANDSTONES BELOW THE POSTERIOR SHEET. 


Besides the dikes and sills which penetrate the sandstones so abundantly 
in the immediate vicinity of the Little Mountain core, other small sills 
appear immediately beneath the posterior sheet at so great a distance that 
they can not be brought into very close connection with the core itself. 

The most northern of these is N. 60° W. of the Smiths Ferry station 
and about 6 feet below the top of the sandstone. There is a sill 2 feet wide 
which can be followed 20 feet, and 2 feet below this is another only 1 foot 
wide. The sandstone has strike N. 40° E. and dip 22° E. 

About a mile south along the bluff, at a point 8. 65° W. of Smiths 
Ferry and west of the marked drumlin which conceals the tuff, a larger sill 
appears, 10 feet below the trap, which is 4 feet wide and 8 or 9 feet long. 
The sandstone is much disturbed beneath it. 

Along the boundary of the sheet farther south no other sills are found 
in the sandstone below until the western border of the plug is reached and 
the very abundant dikes and sills appear around its western and southern 
side, which have been described and figured above. 

There is a turnstile by the road, and steps going down to the railroad, 
a mile and a half below Smiths Ferry, and the field road southwest from 
here leads out over a ridge to an amphitheater, now called Forest Park, 
from which all the points here described are easily identified. The ridge 
is the continuation of the trap sheet southward. The beautiful horizontal 
12-foot sill described above (p. 468) is in the north wall at one’s right, and if 
one crosses the basin to the next ridge overlooking the reservoir, and west of 
the terminus of the Electric Road, the high bluff of the plug projects south 
toward the point where one stands, and above the screes of trap fragments 
the sandstone veneering can be seen abutting against the trap in the thick 
woods. 

Turning south from the east end of the 12-foot sill mentioned above, 
on the southeast of the plug, and going to the bottom of the basin near 
the brook, one finds a place where the sandstone is crushed into sharp folds 
a foot or two across and baked by the trap, which has penetrated it irregu- 
larly, but apparently only in small amount. 
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Along the eastern margin of this basin the outcrop of the trap sheet 
is plainly visible, covered by tuff and marked at its base by a prominent 
talus. As it is followed south its boundary makes a great loop to the east, 
where the ridge is cut through by a brook, but rises again in a higher bluff 
south of the brook, now marked by a high trestlework lookout-tower. The 
contact on the sandstone below is everywhere normal—the compact trap 
rests on unbaked sandstone—until the boundary swings around the south 
end of this prominent hill to a point which rises sharply in a bluff 30 rods 
north of where Roaring Brook crosses the road. This is the brook that 
comes up from the south and bends sharply to enter the Connecticut 
southeast of Mount Tom. Delaney’s quarry, described below, is situated 
just south of its mouth, between the road and the railroad. 
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Fig. 26.—Section of Delaney’s quarry, in Northampton, near the north line of Holyoke, on the Connecticut River Railroad. 


The base of the trap sheet in this bluff is scoriaceous and filled with 
sheets and filaments of limestone and shale exactly like the surface of the 
trap a few rods south at the quarry mentioned above, so that I am compelled 
to assume that a portion of the surface has here been under-rolled to make 
the base 

The conditions here are so peculiar that they require detailed discus- 
sion, which may best begin with a detailed description of the quarry east 
of the fault, returning then north to the south bluff section, which can be 
best explained by a comparison with the conditions at the quarry. 


DELANEY’S QUARRY, NEAR THE NORTH LINE OF HOLYOKE. 


This is a good example of a deeply submerged lava surface onto which 
much mud was washed while it was still plastic (see fig. 26). Many masses 
of the mud, varying from thin filaments a few inches long and a small 
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fraction of an inch thick to broad layers, were washed onto the trap and 
sank into its mass, so that the upper 3 or 4 feet of the trap is kneaded full 
of the dark, compact shales, which have at times glazed and wrinkled sur- 
faces as in the ordinary shale, especially at the south end of the quarry, 
and for 8 or 4 feet the trap and shale are kneaded together; shreds and 
broad plates of the dark-gray, thin-laminated shale are twisted and plicated 
in the black trap. 

In sections thin tortuous layers of the shale can be seen in the trap, at 
times directly inclosed by the trap, at times a part or the whole of a film 
resting in the bottom of a steam hole, as if the moisture of the mud had 
furnished the steam to form a cavity too large for the mud to fill. The 
sandstone above wraps over the very irregular surface of the trap, which 
rises and falls 20 feet within the limits of the quarry and dips 17° E. It 
fits itself also around smaller irregularities and separate blocks of the trap, 
and for several inches it is very ferruginous and contains small, flat con- 
cretionary grains like the Clinton iron ore. The trap is fine-amygdaloidal 
for 12 feet down from the surface. 

A north-south fault appears in the quarry with an upthrow of 4 feet 
on the east, dip 8° E., and many strong slickensides appear parallel to this | 
surface. In pockets along this zone of crushing occur datolite crystals 
of richer color and more brilliant luster than any found elsewhere in the 
State. They are described in the Mineralogical Appendix, Chapter XXII. 

There were opened in 1892, near the north end of the quarry and a few 
feet back from the railroad and 10 feet above its level, a series of pockets 
in the solid amygdaloidal trap, a foot or more below its surface, which 
were filled with the finest broad lamellar anhydrite,’ with some coarsely 
granular calcite near the borders. ‘These pockets were small and 
irregular, never more than 3 inches thick and 4 inches long. Much 
very coarsely cleavable calcite appears also in fissures in the sandstone 
for a little distance above the trap, inclosing cavities from which gyp- 
sum has disappeared, and within the same limits broad fissures in the 
sandstone have their walls coated with thick layers of specular iron in 
drusy surfaces of fine plates, and much of the sandstone is cemented by 
shining scales of hematite. The sandstone over the trap has alternating 


'This is a most unusual occurrence of the mineral. It, occurs rarely in the Monte Somma 
bombs. R. Brauns, Neues Jahrbuch fiir Min., 1894, p.257. See Mineralogical lexicon: Bull. 126. 
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layers darkened by fine tuffaceous material. Twelve feet above the trap 
the coarse tuff begins to appear in the sandstone, and this is its most 
southern occurrence. 

It seems to me probable that the mud was swept over the still plastic 
trap and sank into it to make the streaks of sandstone, and that the trap 
was thus frothed up to make the amygdaloidal and cavernous structure. The 
formation of the calcite, anhydrite, gypsum, and hematite all took place 
immediately after, under the influence of heated solutions from the still 
heated trap. The pyrite of the trap furnished the sulphuric acid for the 
anhydrite, and little calcite developed in the heated cavities of the trap 
and gypsum and much calcite in the cooler fissures in the sandstone, while 
abundant hematite and some magnetite impregnated the sands and formed 
the beautiful surfaces of specular iron. 

In the bluff section to the north, mentioned on page 470, the vertical 
south wall of the hill shows an exactly similar amygdaloidal band, about 
12 feet thick, filled with wholly similar twisted sheets of sandstone and 
shale. Indeed, at one point a block of sandstone at least 3 feet thick and 
10 feet long is half included in the trap and half projecting. It is twisted 
and baked gray and fissured all to pieces at the surface nearest the trap, 
and is reddish at the center. This porous band of the trap is, however, 
not, as in the quarry just south, the surface layer, but forms the base and 
is covered by about 20 feet of coarsely columnar compact trap in the ver- 
tical wall, and the thickness of the whole bed upon it is much greater. It 
can be seen to rest upon the fine-grained reddish sandstone below. It is 
very porous, especially around the included fragments, and this porosity 
runs out gradually in the compact trap above. One must put emphasis 
upon the fact that these are thin sheets and films of thin-bedded shale, 
often twisted in the lava and presenting shapes which can not possibly be 
explained as inclusions of a solidified sandstone torn off from the surface 
of the fissures up through which the lava passed. 

One may imagine the lava flowing southeast from the great vent at 
Little Mountain, over the sand flats under several hundred feet of water, 
for the most part cased in solid lava and thus producing very little effect 
upon the ground over which it flowed and being very little influenced by 
the water. If, however, the crust were locally ruptured and the liquid lava 
came in large quantity into contact with the water, a violent uprush of 
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steam and water might occur, and an indraft of muddy water, which would 
suddenly coat the surface with fine, thin-laminated mud, and this would 
then be mingled with the plastic lava so as to produce veins like those seen 
in Castile soap. _ 

The current was here passing directly into the apex of the area of the 
Chicopee shale, and the fragments in the trap are of exactly the same char- 
acter as this rock. This mixed layer appears in its normal position on the 
surface of the trap at the quarry, and the heavy-bedded sandstones above 
show that they were very rapidly accumulated over the still heated trap 
by the abundance of specular iron that coats all their fissures. Here in 
the bluff the whole former surface of the trap is under-rolled and appears 
inverted upon the sandstone of the old sea bottom. 


THE ROARING BROOK FAULT AND THE DISAPPEARANCE OF THE POSTERIOR 
SHEET. 


The amygdaloidal surface of the trap, so well exposed at Delaney’s 
quarry, can be followed continuously a few rods north in the bed of Roar- 
ing Brook. It is here more coarsely amygdaloidal and without inclusions 
and is covered by a thin bed of tuffaceous sandstone full of fat fragments 
of a white volcanic rock (see p. 474). Following up the brook across the 
road to a small waterfall on this amygdaloidal surface, with the sandstone 
forming the bank, one:comes upon the first fault. At the foot of the fall 
is the scoriaceous surface. The trap over which the water plunges is com- 
pact, and here there is a fault with upthrow on the west which amounts 
nearly to the thickness of the trap sheet. A little west there is another 
fault in the same direction and throw, running about N. 20° E., parallel 
with and a little west of the brook, which seems to have given the brook 
its direction, and which continues north along the east foot of the eastern 
bluff of the hill 30 rods north of the brook that contains the inverted 
section described above (p. 472) and crosses the next brook on the north 
10 rods west of the road and of the broad surface covered with bird-tracks 
beside the road. It has the sandstone on the east and the tuff and trap on 
the west. 

As the surface of the trap sheet is exposed in the bed of Roaring Brook, 
and as the base of the same sheet appears 30 feet higher in the hill 30 rods 
north, the aggregate throw of the faults is about 60 feet. 
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From the bend in the brook the upper, highly scoriaceous surface of 
the trap can be followed north, along east of the fault line and behind the 
house standing north of the brook. The trap is very deeply rotted. It is 
a fine example, rare in this region, of a protected pre-Glacial surface. It 
falls apart now into a mass of spheroidal bodies made up of many very 
thin concentric layers, a result of rapid cooling. It is the same surface 
which just adjacent is loaded with shale. 

On the other hand, going south up the brook from its bend, one finds 
it running on the trap near its base until one comes to its farthest outcrop 
near the Electric Road. Here the trap rests on the sandstone irregularly, 
partly upon its basset edges on the west side of the outcrop and partly 
mantling over to rest on the surface of the upper stratum toward the east. 
The fault must pass just to the west of this contact. 


THE BLENDING OF THE TUFF WITH THE SURFACE OF THE POSTERIOR BED. 


Beneath the northeastern pavilion in Forest Park (fig. 25, p. 466, near 
the east end) the surface of the posterior bed is full of angular fragments of 
a fine-grained trap, partly compact and partly porous, which are plainly 
foreign inclusions. ‘They are, however, sometimes fused into continuity 
with the inclosing trap, as if they had fallen into the molten lava and 
had been themselves partly remelted. The inclosing trap has a mottled, 
red-brown, weathered surface, and is covered by small pimply knobs, 
which cause the mottled appéarance, and it is so coarse-grained that the 
white feldspars can be easily seen. It is thus quite unlike the inclosed trap. 
The old surface of the trap sheet is filled in this way for a distance of 150 
yards west, to the top of Little Mountain, and 600 yards north. This is 
quite the same thing as the mingling of mud with the surface of the same 
sheet just south, at Delaney’s quarry, as described on page 470, and indi- 
cates that the ejected fragments fell upon the surface of the flowing lava 
here as the mud spread over it farther south. 


A- TUFFACEOUS SANDSTONE CONTAINING WHITE TRAP. 


This curious rock appears just above the posterior bed on the north 
bank of Roaring Brook, a few rods east of the Northampton-Holyoke road 
and near the line between these towns. It is a sandstone containing many 
small, angular pieces of a white rock which effervesce freely and seem to 
be calcite. They prove to be a scoriaceous lava, now filled with secondary 
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ealcite, in which the round and often confluent steam holes are bounded by 
very thin walls, which appear as black lines surrounding the calcite fillings 
and contain only twinned plagioclase rods. The sandstone also contains 
crackled fragments of bottle-green glass in which rodlike crystals of plagio- 
clase of two sizes appear. The fragments are thus like the white trap found 
a mile farther north, on the brook north of the station of the Mount Tom 
Railroad (see p. 365). 


THE POSTERIOR DIKE ACROSS HAMPTON COUNTY. 


One can trace the trap for a short distance farther south, hardly to the 
town line, as everything is heavily covered with alluvium. The bed then 
disappears and seems to be concealed for nearly 3 miles by the throw of 
the Holyoke fault. It reappears again on the road from Holyoke to 
Wright's pond, with a thickness of 33 feet, and can thence be traced south- 
ward to the excellent section made by the Holyoke and Westfield Railroad, 
where it is 120 feet thick and divided into two beds. The lower of these 
(resting on the fine red sandstone, dipping 15° W., and not perceptibly 
altering it) is 53 feet thick, very coarse-columnar in its main mass, with 8 
to 10 feet amygdaloidal above, while the upper bed rests directly upon the 
lower one and is amygdaloidal at its surface for 15 feet in thickness, and 
the whole is covered by a fine-grained red sandstone. 

This thinning out toward the north may indicate that the bed is not 
continuous across the covered area; on the other hand, the double character 
of the bed is repeated as in the bed to the north. South from the railroad 
crossing the bed appears as a continuous ridge, increasing in altitude until 
it reaches the Boston and Albany Railroad, where another fine section is 
exposed east of the Tatham station, which repeats almost exactly the rail- 
road section described above. 

Here gray and red shaly sandstones dip 25° E. beneath the trap, and 
are distinctly baked for 2 feet and show a rust-filled columnar parting. 

The lower bed is 32 feet thick, with about 10 feet finely amygdaloidal 
above and full of diabantite and calcite. The upper bed is massive and 44 
feet is exposed. In it are four zones of crushing, 1 to 2 feet wide, with strike 
N. 10° E,, dip 70-80° W., which indicate small faults of unknown throw. 

Just above the mouth of the first brook entering Westfield River from 
the south, east of Provens Mountain, in Agawam, a massive ledge of the trap 
projects into the main stream, and the brook runs over the trap in a pretty 
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waterfall where it crosses the road at J. Miller's house. This is directly 
in prolongation of the ridge north of the river, and there is no indication of 
any fault between these points. The bed is then lacking for 2 miles south 
because of the throw of the State-line fault,’ but reappears again at the 
house of A. Flower, and then follows the road closely 8. 10° W. to thie 
State line and on across Suffield in Connecticut. It rises as a low ridge 
above the sands, which conceal the contacts. The greatest thickness exposed 
was 62 feet. 3 
THE TALCOTT SHEET. 

This is the anterior sheet of Percival. It enters the Granville quad- 
rangle at its southeast corner, in the town of Suffield, Connecticut, and 
therefore appears on the map, but it does not cross the State line. 


THE TUFF AND TUFFACEOUS AGGLOMERATES. 
THE DEERFIELD BED. 


At the first outcrop on the Greenfield-Turners Falls road the rock is a 
complete ‘‘schalstein,” a thin-bedded, dark-green rock, largely decomposed 
into a flaky chlorite, and abounding in grains of calcite and a reddish 
zeolite for the most part iron-stained prehnite. This bed seem to rest 
directly upon the trap and to have but limited extent. 


THE GRANBY BED. 


The coarse arkose or sandstones, consisting of slightly waterworn and 
sorted granitic materials, which dip beneath the great bed of diabase of the 
Holyoke range, are followed above the diabase by exactly similar beds of 
pale-buff arkose containing little iron and having a low dip south from the 
Mount Holyoke range and southeast to east from the Mount Tom range. 

This is followed by heavy beds of black tuff and tuffaceous sandstone, 
which vary from fine-grained volcanic sandstones to coarse breccias and 
agelomerates, and from rocks made up wholly of volcanic débris to such as 
contain fragments of granitic and gneissoid rocks, or in the finer-grained 
varieties contain the materials of granite, especially white mica on the 
lamination faces and grains of quartz in the mass of the rock. In other 
cases rounded masses of diabase are distantly scattered in deep-red sandstone- 

This band begins opposite the east end of the diabase bed and half a 
mile south of it, and, attaining a surface width of 1,600 feet, runs west 


1See pp. 370, 450. 
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parallel to the diabase to and across the Connecticut, and continues south 
parallel to the Mount Tom range to within a short distance of the Holyoke 
town line. 

It appears first in the bluff overlooking the northern of the Belcher- 
town ponds as a thin-bedded, rusty sandstone with grains of diabase. It 
strikes N. 60° W. and dips west into the hill and beneath the sandstone, 
and has plainly been faulted into its present position, and received thus 
its unusual westward dip. It is wholly separated from the remainder of 
the bed. 

Farther west, ‘where the Bay road after crossing the diabase goes south 
toward Belchertown, the tuff does not outcrop, but in the fields west of this 
road abundant fragments occur by which it can be approximately traced, 
and soon it appears in a strong ridge which can be followed west to the next 
road. Here the tuff appears for a long distance north and south of the second 
house met after going south across the mountain into Granby (the house 
formerly occupied by A. Convere, now in ruins), and tracing it west it runs 
just south of a small diabase mass southwest of this house. It is an arkose 
containing in great number angular diabase fragments, some as large as a 
pea, and is cut off by a fault, which can be traced very clearly in the woods 
south of the diabase. Farther west it has been crossed at several points but 
not followed continuously through the densely wooded area to the next road, 
i. e., the main or Notch road, and it appears at the first branching of this 
road south of The Notch. The rounded rusty hummocks of the tuff are 
very conspicuous. 

The rock is composed mainly of trap in small angular fragments which 
look like pitchstone and which consist of a diabase with semicrystalline base. 

The tuff bed makes a small angle with the road running east from this 
point, and its exposures are found abundantly in the roadside until the road 
goes down onto the terrace sands. The outcrops of the tuff vary from deep- 
brown, thin-bedded sandstones, which the microscope shows to be quartz 
sandstones impregnated with the finest dust of the trap, to agglomerates 
in which masses of trap a foot across appear, as in the woods just south of 
where the ninth volcanic core (see p. 483) crosses the road. 

Farther east the tuff bed is cut off completely by the ninth core. The 
best exposures are where the bed is crossed by the wood road which runs 
north from Moody Corners, where the rusty tuff weathers into a pile of 
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large spheres, and in the brown ledges visible from this road off to the 
south, whose ragged mass is made up of large angular pieces of the trap 
cemented by finer dust of the same material. 

Here, in the north of South Hadley, the bed has great width, and across 
to the north, at the top of the fine cliffs of buff sandstone which overhang 
the entrance to the brook gorge reached by H. White’s wood road, just east 
of the school and at the highest point of the ridge, the base of the tuff and 
its junction. with the underlying sandstone is instructively shown. In a 
vertical wall of the pale-buff sandstone the lower half is composed of the 
usual coarse granitic sand, and above a large number of angular masses of 
the trap, of the size of one’s fist and larger, are scattered at some distance 
from one another in the same buff sandstone, while a few feet higher up 
the rock is deep rusty-brown tuff. 

These fragments are manifestly the first and farthest-thrown products 
of a distant explosion, as the perfectly classified material of the sandstone 
below and around the fragments indicates a current capable only of moving 
coarse sand before and during the time when these large angular masses 
were dropped here, to be followed by so great a supply of trap débris that 
the granitic sand almost disappears in it. 

Still farther west, where the bed runs to a point on the south of the 
Black Rock dike, it is a loosely cemented. mass of trap grains, all of the 
size of large peas. From this point west to the Connecticut it is replaced 
by the Black Rock dike, and on the west of the river it appears in the 
cutting south of the point where the road crosses the railroad, below Mount 
Tom station (Lymans Crossing), as a coarse trap agglomerate resting 
directly on the trap, and except where it is interrupted by the leather-mill 
fault it appears in the roadside all the way to the Holyoke line. The 
blocks are a foot across, and in the fine-gramed matrix a great number of 
graphite scales occur. 

Just south of the cemetery north of Smiths Ferry, by the roadside, the 
great blocks of the trap, nearly 2 feet long, cemented by the finer frag- 
ments of the same material, can be seen to rest directly upon the surface of 
the coarse rusty sandstone, and to have sunk into its upper surface as they 
fell. Very little foreign material can be found here in the finer portion of 
the tuff, but it seems never wholly wanting, and the graphite and muscovite 
scales are never absent. 
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Farther south fine fresh exposures can be studied where the road and 
railroad come nearest together, and here the round blocks are a foot in 
diameter. All along the distance we have traced, the tuff is in great thick- 
ness, and occupies the whole distance between the posterior trap range and 
the terrace sands adjoining the river, its varying width of outcrop depend- 
ing upon the height to which it overhangs the trap. It is well exposed by 
the cuttings of the railroad. 

The first reefs of sandstone containing foot-tracks appearing in the river 
are brought up by a fault running N. 25° E. (see p. 473), which cuts off 
the tuff, and south of this line where it appears in the quarry by the rail- 
road; near the Holyoke line the tuff has dwindled quite suddenly to three 
beds with a thickness of less than 3 feet each, included in the deep-red, 
fine sandstone, and lying 3 to 4 feet apart, the lowest layer 10 feet above 
the irregular surface of the trap, that thickness of sandstone having suddenly — 
intervened. 

President Hitchcock’s descriptions of the tuff beds are full and clear 
The several repetitions of the bed given by him south of Mount Holyoke 
are due to faulting. The occurrence in West Springfield and the occur- 
rences mentioned at the base of the main trap and on its surface, and the 
varieties described as ‘‘masses of red and gray sandstone embedded in a 
scoriaceous paste,” are separately discussed on pages 453-460 and 476 as 
cases of the inclusion of sedimentary material at the surface or base of the 
flowing sheets of trap. 


THE ISOLATED MASS OF TUFF NORTH OF THE SEVENTH CORE. 


A half mile north of the seventh core, described in the next section 
(p. 482), and a little more than a mile north of J. McGrath’s house and 
reached by a wood road from this house, in the deep woods in the north part 
of Granby, is a great isolated mass of the coarse rusty diabase-sandstone, 
which stands perhaps 12 feet high and rises like a great telescope upon a 
massive pedestal. The mass does not seem to be more than a rod square 
beneath the surface, and must have been dropped into the sandstones here 
by a fault, of which in the covered and heavily wooded region no other 
trace can be found. It shows that the tuff extended half a mile north of its 
present outcrop. 


11844, Explanation of Geological Map; 1848, Am. Jour. Sci., 2d series, Vol. IV, p. 199. 
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SOURCE OF THE MATERIAL OF THE TUFF BED. 


The sections of the diabase from the tuff show varieties containing (1) 
much glass base, (2) well-developed porphyritic augites and olivines, (3) 
development of augite as early as the oldest feldspars, (4) inclusions of 
quartz grains, all peculiarities common in the newer dikes and not found 
in the older diabase of the Mount Holyoke bed. The newer dikes lie 
along the same line with the tuff, and are punched up through it. 

The description of the base of the bed given above indicates that an 
explosive eruption of diabase occurred somewhere along this line, which 
furnished the great mass of material whose length of outcrop is 10 miles 
and whose thickness is about 550 feet. The later dikes seem to have been 
driven up through this tuff bed, and, I think, lie along the line of the 
great fissure up through which the diabase of the Holyoke-Mount Tom 
bed comes. 

It is just south of the ruined stone mill above Smiths Ferry that the 
tuff bed is thickest and the blocks in it are largest, and it contains many 
fragments 1 to 3 feet across. Their size diminishes southward; 1 mile south 
(R. Houston’s) the fragments reach 8 inches; at 2 miles (P. Brenn’s) 4 inches, 
and here the tuff has dwindled to three beds 3 feet thick, and the mass of 
the fragments are about an inch long, though above the upper bed distant 
rounded fragments 5 to 6 inches long appear in the sandstone. ~The place of 
eruption seems to have been somewhat, but not far, north of Smiths Ferry. 
It is interesting to trace the graphite found in the tuff and in the sandstone 
above it to its source, which must have been in the region of Sturbridge, 18 
miles to the east, while the crystalline boundary on the west is only 9 miles. 


HOLLOW BOMB FROM DELANEY’S QUARRY, NORTHAMPTON. 


I dislodged from the tuff at this quarry a, rounded bomb 13 by 1 by 1 
inch, with its center coarsely amygdaloidal, the cavities of such shape that 
they could have been formed only by steam and not by later weathering, 
and a border from 4 to 4 inch wide which was completely compact. 


PETROGRAPHICAL DESCRIPTION. 


The rock from large blocks in tuff from roadside south of Smiths 
Ferry, where the railroad makes a deep cut in the tuff, is a typical diabase 
with decomposed feldspars;. a brown glass, generally devitrified and filled 
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with black dust, occupies the interstices. Large, fresh, porphyritic augites 
appear, which are often twinned; and small, very brightly polarizing grains 
seem to be olivine. 


THE NEWER SERIES OF CORES AND SHORT DIKES. 


BELCHERTOWN. 
THE FIRST VOLCANIC CORE. 


This is situated about 150 rods southeast of the east end of the Holyoke 
main sheet of trap and 2,100 feet N. 47° E. of the house of H. Moody, on 
the Bay road in Belchertown. It is just south of the source of a brook and 
within the edge of the woods, rising in a small knoll. On the north edge the 
contact with the sandstone is well seen, and the baking of the latter is 
unusually severe. The alteration has hardly begun to decrease in the width 
exposed—above 10 feet. The coarse red sandstone is baked into a hard, 
light-gray graywacke, its mica and feldspar grains having been so affected 
by the heat that they have been removed by later infiltration, leaving pores 
coated with rust. Still nearer the contact the sandstone contains many white 
compact masses, which are in part hollow tubes and seem to be bones of a 
reptile of about the same size as that found in the sandstone at Springfield. 
The rock is here rendered hard and impervious, and this has favored the 
preservation of the bones. The specimens contain lime phosphate. 

The trap is fresh, very fine-grained, and shows few steam pores. Very 
thin, well-formed plagioclase crystals, flattened parallel to « P&, and of 
the earlier and larger generation, are visible with the lens. 


THE SECOND CORE. 


The second of the series of old craters or volcanic throats is exposed 
in a row of low knolls in the field opposite the house of J. A. Barrett, 
where the Bay road has just crossed the mountain toward Belchertown 
village and near the western line of the same township. The exposure is 
only about 15 rods long by 3 rods wide, with strike N. 60° E., and near at 
hand on all sides are abundant outcrops of conglomerate, which proves it 
to be.an isolated deposit of limited extent. It agrees in all essentials with 


the rock of the newer intrusive dikes. 
MON XxIx——31 
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THE THIRD CORE. 


This rises as a low knoll in the open field 80 rods 8S. 70° W. of J. A. 
Barrett’s and 10 rods north of a bluff of tuff. It is exposed with a width of 
3 rods and a length of 5 rods. Its strike is N. 60° E. 


GRANBY. 


THE FOURTH CORE. 


Where the Amherst-Granby road passes over the range a single house 
(C. Harris’s) stands on the west side. Kighty rods 8. 65° E. of this house, 
on a wood road at the south foot of a high conglomerate bluff, is a small, 
nearly circular outcrop of trap with the adjoining sandstone exceptionally 
altered on the contact. The coaly plant remains which it contains are 
largely changed into graphite. 


THE FIFTH CORE. 


In the field west of the only other house on this road (A. Convere’s) 
and about 30 rods N. 10° W. of the house is a ridge of the trap 8 rods 
wide, 25 rods long, running N. 50° E. a few rods north of the tuff bed. 


THE SIXTH CORE. 


In the same field with the last and about 35 rods 8. 75° W. from it is 
another high ridge, 14 rods wide and 30 rods long, having about the same 
direction of its longer axis, the same relation to the tuff bed, and the same 
fine-grained, dark-gray diabase without amygdaloid as have the other occur- 
rences. Like them all, it bakes the sandstone strongly and seems to be 
wholly surrounded by the sandstone. It is more jointed and weathered 
than usual. About 5 rods southeast is a dike of the diabase 10 feet wide 
and about 5 rods long, which runs north and south parallel with a fault 
plane a little farther east. This is very probably an offshoot from the 
latter throat, but the junction is covered. 


THE SEVENTH CORE. 


About 200 rods north of J. McGrath’s this plug occurs, at the eastern 
terminus of the band of diabase-tuff which crosses the Notch road and 
enters Granby from the west. This terminus is caused by the intersec- 
tion of the tuff band by one of the main north-south faults which cross 
the trap ridge, and the small plug of trap came up just at this crossing. It 
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is only 5 or 6 rods in cross-section. The rock is black, fresh, compact, only 
the larger and earlier generation of feldspars showing as fine lines with a 
strong lens. The few small cavities show a white, compact, fibrous zeolite. 
Under the microscope the rock shows the usual structure, with the 
following peculiarities: The area surrounding the cavities is of much finer 
grain than the remainder. The large feldspars are almost always made up 
of only two broad individuals. An interstitial groundmass exists in consid- 
erable quantity and decomposes to a red-brown mass. The cavities con- 
tain (1) calcite, (2) diabantite, (3) wavy interstratifications of diabantite and 
natrolite, (4) natrolite, (5) a red decomposition product of diabantite. The 
whole slide is full of the finest feathery groups of magnetite octahedra. 


THE EIGHTH CORE. 


One will find this large and interesting mass by starting from the 
southern boundary of the tuff, just across the brook south of the first 
branching of the road after passing The Notch. The sandstone rises in a 
low bluff facing north, and may be followed due east 100 rods across the 
field and through the woods to a deep, dry gorge running north. Follow- 
ing this up across the tuff, one comes upon the trap at the head of the gorge 
and can follow the line of contact very closely round in a great circle to 
the point of starting, and it is plain in several places that the trap has come 
up through the sandstone and is not a bed in it, and that it has come up 
on the line between the sandstone and the tuff, intruding partly on the 
area of the one and partly on that of the other. No amygdaloid was 
observed, and the diabase is very fresh, dark-gray with shade of brown, 
fine-grained, the earlier generation of feldspars being just visible to the 
eye, and their striation discernible with a strong lens. 

The induration of the tuff was very marked on its contact with the 
diabase on the south side of the block. This would be the upper surface of 
the bed if it had been a contemporaneous flow, and in this case there would 
have been no trace of baking of the adjacent tuff. 


SOUTH HADLEY. 


THE NINTH CORE; DIABASE WITH GRANITIC INCLUSIONS. 


An inspection of the map will show the next, or Black Rock, core to 
consist of a great rounded mass which is situated south of the Holyoke 
House and sends off to the east a long tail-like dike. If this be followed 
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east half a mile to a point beyond the Moody Corners wood road it will be 
seen to be bordered on the south by a rounded mass of diabase lithologically 
different from anything found elsewhere in the valley, and very peculiar. It 
has a long dike projecting to the east, and is thus paddle-shaped and rudely 
resembles the much larger Black Rock core. It is an aphanitic diabase, 
which is full of grains of quartz, microcline, orthoclase, ete.—so full that in 
breaking hand specimens from every ledge across its width, 650 feet, not 
one. was found that did not contain many grains. It is as if the lava had 
broken up through unconsolidated sandstones or flowed over beds of sand, 
taking up a great quantity of the latter in its progress; and as the tufis con- 
tain a certain quantity of the same granitic sand, and as this had often been 
relied on as a means of distinguishing the tuff from weathered outcrops of 
the trap in the field, a new difficulty was added, and weathered outcrops 
of this trap were with great difficulty distinguished. Indeed, in my first sec- 
tion across this area I was in great perplexity, and the peculiar pitchstone- 
like appearance of the rock, quite new in this region, added thereto, Still, I 
decided before cutting sections that the rock must be a lava and not a tuff. 


PETROGRAPHICAL DESCRIPTION. 


The specimens described here were taken on a section through the 
middle of the dike, where a wood road goes north a short distance east of 
Moody Corners and crosses the brook where a branch enters it. From this 
point the first outcrop of the trap is visible, and going north across a cleared 
area and then a short distance through the woods to a second cleared field 
one finds abundant exposures of the trap, and to the north long ridges of 
the sandstone appear. The first section was taken from the north cleared 
field, 23 feet south of north border of the diabase. It is a clear, black, 
aphanitic rock of unusual freshness and slightly pitchy luster, and contains 
in great quantity inclusions of granitic quartz, and rarely orthoclase, of the 
same size as the grains in the adjacent sandstone (up to 5™™). As many as 
three or four to a square centimeter occur, and the lens shows many more of 
smaller size. Fragments of a glassy triclinic feldspar, perfectly fresh, and 
the larger groups of plagioclase of earlier consolidation are also visible. 
The quartz is colorless or slightly blue, of strong greasy luster, without 
fissures and with rounded outline, or much fissured and then yellowish. 
A single grain, 5™" square, was made up mostly of a flesh-colored feld- 
spar, but nearly a quarter of its mass was of the same greasy, bluish quartz. 
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A plate of the feldspar was isolated and gave the optical characters of ortho- 
clase and was wholly untwinned. 

The pocket lens shows grains and flat vein-like accumulations of a 
deep-red, resin-like character. 

The microscope reveals anorthite, labradorite, augite, fayalite, mag- 
netite, hematite, and, as inclusions, quartz, orthoclase, microcline, albite, 
rutile, muscovite, and biotite, and fragments of granite and amphibolite. 
‘The texture of the rock is entirely unlike any other occurrence among the 
eruptives of the region. The original minerals enumerated appear as fresh 
as in a modern lava, distantly, often very distantly, scattered in a finely 
granular ground. 

Anorthite—The porphyritic feldspars of the first consolidation are often 
as much as 2™" across. They seem to me to have shot out rapidly in thin 
plates, which are often much bent and broken and the parts moved away 
from each other, showing what is otherwise proved below, that they were 
formed in the liquid magma and moved some distance in it before its entire 
consolidation. They are of glassy clearness, and show not the faintest 
trace of alteration. They are bounded by perfectly smooth crystal faces, 
except where deep angular or rounded offshoots of the groundmass extend 
into them. Inclusions of this groundmass are very abundant and variously 
arranged—at times collected in the center, at times in concentric lines 
marking old surfaces of the crystal, which often differ from the final form; 
at times quite regularly arranged in |, T, and L shaped masses, conforming 
to the cleavage planes with great regularity, the masses being of quite uni- 
form size. The crystals show lines of growth of great delicacy, which are 
curiously disturbed as they bend in to surround rounded projections of the 
groundmass which penetrate the crystal. Some of the broadest plates lie 
so that they show no twinning, indicating that they are broad by the large 
development «oP. The angie of extinction is —36° on either side the 
twinning plane, indicating anorthite. 

Labradorite—The feldspars of later consolidation, from 4" to the 
smallest dimensions, extinguish with an angle of 124° on either side the 
twinning plane, and so are very probably labradorite. They affect the lath 
shape more than the anorthite does. The larger are, however, broad, 
with square ends; the smaller, narrow rods; and they are rarely in contact, 
so that the ophitic structure characteristic of the common diabase is wanting. 
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The augite is also perfectly fresh, although the abundant inclusions, 
combined with the irregular cleavage, make it only imperfectly transparent. 
Separate crystals are bounded by perfect planes. An acute pyramid or 
dome appears with especial frequency. They are finely twinned, with the 
interposition of several very fine laminz at the center, and nearly colorless. 

In one portion of the field is a group of the largest feldspar crystals 
(described above) loosely interlaced, and in the interstices the augite has 
developed so as to fill the spaces and produce exactly the basaltic structure. 
Only where the meshes were not closed do the augites project outward with 
terminal faces. If the crystallization had continued undisturbed it would 
have produced a rock having exactly the texture of a Tertiary basalt. As 
it is, it is plain that the delicate featherwork of feldspar plates was floated 
along in the magma and its crystallization arrested, and one can see that 
the formation of the basaltic structure does not necessarily depend upon 
the crystallization, first, of the feldspar in a network of bars, and then, second, 
of the augite in the interstices thus left, but rather upon the different 
methods of the crystallization of the two minerals simultaneously; the 
augite, having started a crystal in contact with a feldspar blade, tended to 
increase this to a large, stout crystal, while the feldspar, rapidly shooting out 
new blades, inclosed and bounded the augite on all sides, hindering the for- 
mation of crystal faces. 

Hematite is quite abundant in the rock, blood-red, ih botryoidal 
fibrous structure, showing the black cross abundantly, and aggregate polari- 
zation, and especially surrounding the inclusions of quartz and microcline. 
It also occurs, with blood-red color and fibrous structure, pseudomorph after 
olivine. The olivine form is sharp and clear, 2 P & (021)=99° 15’ (cal- 
culated 99° 06’), and this sharp dome is combined with the prism. When 
traces of the original mineral remain they extinguish longitudinally. 
Irregular cracks run across the mineral as in olivine and bound separate 
fibrous masses, the fibers being at right angles to the fissures. I conclude 
that an olivine very rich in iron—a fayalite—has changed into hematite, 
more or less mixed with serpentine. The pseudomorphs are always sur- 
rounded by a whitish, semiopaque halo, probably from the silicic acid 
expelled from the primary mineral. Other similar forms are olive-green 
and polarize only in traces, and seem to be olivine changed to serpentine. 
They have also the white, opaque halo. Very rarely a rounded grain, which 


THE NEWER CORES AND SHORT DIKES. 487 


still polarizes brilliantly, is surrounded by a broad layer of fibrous structure, 
the fibers radiating and wholly amorphous. 

Magnetite is rare and in small grains only. 

The groundmass is made up of angular and rounded grains 0.001- 
0.005™ across, which can at times be seen to be twins, and they seem to be, 
in part at least, augite, as they show an extinction at 42°. A specimen 
from the north edge of the dike has the large feldspars so filled by these 
minute augites that they occupy the whole space as closely as they do in 
the surrounding groundmass. Indeed, it appears as if a portion of the 
groundmass having a regular crystalline outline had been preserved intact 
from all decomposition, so that the interstices of the grains have not been 
filled with the fine dust of limonite, kaolin, etc., which renders the rest of 
the ground clouded. With polarized light the grains are seen to be optic- 
ally orientated in the feldspar, as they extinguish together, and the feldspar 
bands can be distinctly seen shining through. The groundmass is for the 
most part the same in the portions included in the large feldspar crystals as 
outside, but some inclusions are red-brown and apparently glass. I can not 
detect with certainty any glass in the groundmass itself. The inclusions 
are plainly from granite: quartz with sheets of pores, some containing moy- 
ing bubbles, and rutile needles, microcline, centrally decomposed albite with 
extinction angle 4°, and orthoclase. Fragments of granite with feldspars 
wholly altered, and of ari amphibolite quite fresh and closely resembling the 
fine-grained rock at the northeast corner of Amherst, also occur. 

A specimen from the first cleared field north of the brook, externally 
like the last, shows both the feldspars and the augite perfectly fresh and 
colorless, sharply defined, and distantly scattered in the ground. There is 
so much hematite that it takes up a considerable portion of the surface. 
One quartz inclusion is surrounded by a colorless radiated fibrous layer, and 
outside this by a broad band of hematite. The hematite so often surrounds 
the foreign inclusions in a rock otherwise fresh that one is tempted to 
assume it to have been a cement covering the grains before their envelop- 
ment in the lava. 

A great number of bodies are present having exactly the shape. of 
olivine crystals and a bright-yellow or red color. The yellow scarcely 
polarizes at all, some few fibers or isolated spots showing faint color, and 
it seems to be a yellow serpentine pseudomorph. The red shows a peculiar 
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ageregate or patchy polarization, and seems to be a hematite pseudo- 
morph after olivine. 

Another specimen from the vicinity of the last has a very different 
structure. In a granular groundmass (0.01-0.02™) there are regularly 
disseminated, well-formed octahedra of magnetite, visible with a lens in the 
slide, and abundant diabantite-filled cavities. Small lath-shaped plagioclases 
and augites are distantly scattered and inconspicuous. The rock resembles 
that of the dike from the house south of the ruined leather mill below 
Mount Tom station, on the west of the river. 

The above descriptions had been written before I received the first 
accounts of Mr. Diller’s discovery of quartz-basalt at the Cinder Cone, in 
California. On sending him fragments of the rock here described, he wrote 
that the quartz resembled closely that of the Cinder Cone, and was more 
abundant. 

It will be seen from my own descriptions that the idea that the quartz 
was original in the rock had not occurred to me. It does certainly resem- 
ble the Cinder Cone quartz very closely, and it is hard to see how a great 
quantity of foreign sand could be included in an erupted dike, and espe- 
cially how it could fail to bring with itself moisture enough to make 
the rock vesicular. The shapes of the grains and the high greasy luster 
are not like granite-quartz. I have not been able to verify my obser- 
vation that the slides contain microcline and mica, as the slides are not 
now accessible, but the presence in the diabase, among many quartz 
grains, of a large fragment (5"" across) made up of quartz and orthoclase 
is certain. The quartz was exactly the same rounded, bluish, greasy quartz 
as the rest, and the flesh-colored feldspar gave the optical tests of orthoclase, 
so that I feel quite certain that the unusual constituents have come in as 
foreign inclusions. 

The structures produced by the introduction of this large amount of 
foreign material into the liquid trap resemble those described from the 
Greenfield bed in Chapter XIII (p. 419), where the sand has risen up into 
this lava from below. This locality was studied many years ago, before 
the Greenfield and Holyoke beds were understood, and I can not say what 
modification of the above description might come from a new examination 
of the place with new light. The blue color of the quartz may be due to 
tension produced by heating, or the quartz may be derived from Algonkian 
blue-quartz gneiss. (See page 29.) . 
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THE TENTH CORE. 


The wood road that runs north into the mountain west of Moody 
Corners branches after crossing the eleventh trap mass, and the western 
branch in a few rods runs out on the sands of the large Glacial lake 
described below. Here, at a pair of bars giving entrance to the field, 
near a small brook, begins a long outcrop of trap, which continues 50 
rods west, forming the bluff which made the south shore of the lake. 
The coarse arkose surmounts it on the south, and it is by the downward 
pitch below the sands of this sandstone on the east and the west that the 
outcrop of the trap in those directions is limited, while the sands conceal its 
northern limit. \Near its western end, where a stone wall runs across the 
sands, at the foot of a marked bluff, the sandstone resting on the trap can 
be seen to be well baked by it, and as the trap is wholly fine-grained and 
without steam holes it is plainly intrusive. 


THE ELEVENTH OR BLACK ROCK CORE. 


Looking southeast from the Mountain House, on the top of Mount 
Holyoke, one sees a prominent ridge of dark rock running parallel to the 
mountain—indeed, duplicating it on a smaller scale, repeating its easy 
southern slope and sharp northward-facing bluff and making with it the 
great sweeping curve. It differs radically from it in its origin, the larger 
deposit having been, as I have shown, a bed spread out over the subjacent 
sandstone, and this an injected dike cutting across the latter. (See PL 
IX, p. 446.) This bluff, as seen from the mountain, is called ‘The Black 
Rock,” and I have chosen this name to designate the core, and also the 
whole series of the newer trap intrusions. Seen from the west side of the 
river above Smiths Ferry, it simulates exactly a volcano with sharp slopes 
and central depression. 

The core is best studied at Batterson’s quarry, in the northwest corner 
of South Hadley, near the last house (E. H. Lyman’s) before the town line 
is reached. As seen in the accompanying view (Pl. X), the nearly horizon- 
tal sandstones are a remnant resting with their edges against the diabase. 

The latter not only cuts across the sandstone at this point, but sends 
into it apophyses of finer grain than the main mass, which have altered the 
sandstones in places for 4 feet from the contact and have fused themselves 
into firm union with the latter at their junction. The thin-bedded mica- 
ceous sandstones are delicately plicated by the intruded trap. 
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Following the vertical wall of the diabase north 335 feet from the 
quarry—a wall which is the contact surface against which the sandstones 
formerly rested—one comes upon a most interesting point, where this wall 
is continued as sandstone, a fine contact being exposed, and the boundary 
line of the diabase and sandstone goes into the hill at a right angle. Climb- 
ing to the top of the bluff, one can follow this contact east, the sandstone 
at a distance of 4 feet from the diabase being baked into a dark-blue, 
hornstone-like rock. When the boundary bends round from east to north 
the thin-fissile sandstones have the unusual position, strike N. 70° W., dip 
40° E., being thus thrown off from the eruptive rock. Continuing, the 
boundary returns westwardly, and thus embraces a great projection of the 
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Fie. 27._Section of contact of Black Rock plug and the Mount Holyoke diabase bed. 


sandstone which extends far into the diabase, and then turns round to the 
east, parallel to the direction of the older bed. 

For a long distance one can follow up the bed of Dry Brook running 
on the back of the older diabase, while its left (south) bank is a vertical 
wall of sandstone dipping southward and ending abruptly against the 
diabase of the Black Rock dike, as indicated in fig. 27. 

At the point where the first outcrop of the sandstone on the brook 
appears, about 590 feet from the contact in the vertical wall last described, 
occurs a curious metamorphosed limestone-breccia, with garnet, near the base 
of the sandstone. ‘This nearness of the two diabase bodies continues, and 
one goes east a long distance through a valley with its right or north side 
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the back of the main diabase bed, rising gradually north to the Holyoke 
House, its left or south side the vertical wall of the Black Rock dike, its face 
veneered to a varying distance upward with the remains of the sandstone. 

When one comes out where one can look down on the cleared sand flats 
of the post-Glacial lake mentioned above, one sees that the boundary of the 
Mount Holyoke bed continues east, while that of the great crater swings 
round southeast and extends to the deep gorge of the little brook which 
drains the basin of the lake above mentioned, and has cut deeply through 
the diabase to enter Elmer Brook, just north of H. White’s. The diabase 
continues to rise high and to carry a thin remnant of the sandstones in con- 
tact with its vertical face, which sandstone shows contact effects and can 
often be plainly seen to abut against and not to underlie the volcanic rock, 
toward which it dips. Where the boundary of the diabase runs southeast 
the sandstone preserved its east-west strike in the main, but in places dips 
toward the diabase with the abnormally high angle of 80°. 

At the west end of the mass the diabase appears in the road at the 
Lyman house, and its westward extension is concealed by sands. This is 
also the case with its southern border. The outcrop at the point where 
Elmers Brook crosses the road is so brecciated and its fissures are so filled 
with druses of small rhombohedra of hematite that it is probably near the 
southern contact. 

On following the southern edge along to a point about north of the 
schoolhouse, where the road to South Hadley starts, it is seen that sand- 
stones appear on the south of the trap, strike N. 65° E., dip 15° 8.—fine- 
erained, calcareous sandstones, blue-black as if baked or loaded with vol- 
canic ashes, and rusting slowly inwardly, like the diabase, and between 
them and the diabase is a band, apparently 10 to 15 feet wide, of the most 
perfect tuff, made up wholly of angular trap fragments of the size of a pea, 
with here and there one as large as an acorn, all greatly decomposed. The 
exact relation of the tuff to the other beds could not be made out. 

The boundary can be closely followed eastward to the brook east of 
White’s wood road, to which the northern boundary has already been 
followed. The exact contact can not be seen, but the dark rusting sand- 
stones dip south away from the diabase, while the latter rock in the imme- 
diate proximity to the contact (6 to 8 feet distant) is compact, coarse- 
grained, and not porous. 
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Approaching the brook the boundary bends northeast, as that on the 
north side had bent southeast, and down the slope to the brook the diabase 
is amygdaloidal where nearest the sandstone. The boundaries have 
approached each other so that in the deep side of the narrow brook gorge 
only a fourth of the width of the great mass appears, but this is well exposed, 
and a great talus of fragments of a quite coarse diabase makes up the greater 
portion of its width. The bottom of this narrow gorge is covered with sand. 
In its opposite east wall one can trace from the south the southward-dipping 
tuffs, and from the north in fine cliffs the light-buff sandstones with the same 
dip, to where they approach the eastward continuation of the diabase; and 
although the contacts are covered, it can be pretty plainly seen that from 
both sides the sedimentary rocks abut against the diabase. The latter is very 
fine-grained and has only a small fraction of the width it had on the other 
side of the gorge. This gorge is 1 mile northwest of Moody Corners. 

Going east it cuts through the tuff, and where this is coarse and both 
are decomposed it is very difficult to separate them. In one place the dia- 
base is quite coarse, light-colored, and greenish from the abundance of 
diabantite, like that just east of White’s wood road, and like the rock of 
the Deerfield bed at the Deerfield Notch. Followed still farther east, | 
where it is crossed by the wood road north from Moody Corners, the 
diabase is on the north dark, fine-grained, and bounded on the north by 
sandstones which for a long distance east abut against the high wall of 
the diabase, as already described. Its boundary against the tuffs on the 
south is less clear. Where the road crosses, the distinctly columnar diabase 
rises in a ridge about 35 feet wide, and yet in this is a mass of tuff nearly a 
meter across, containing fragments of granite. To the south a narrow 
swamp separates it from a rock which seems to bea coarse volcanic agglom- 
erate made up of angular fragments often 10 to 16 inches across, which in 
much-weathered. exposures can hardly be distinguished from the normal 
diabase. 

PETROGRAPHICAL DESCRIPTION. 

1. A section taken from the second outcrop by the roadside going in 
from Mr. Lyman’s house and Batterson’s quarry is the typical gray diabase, 
not distinguishable by the lens from the Iron Gate rock taken as a type 
above (page 461), and the microscope reveals little distinction between the 
two, either in structure or stage of decomposition. Pyrite occurs in excep- 
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tional abundance. The feldspars are wholly decomposed and the rock is 
full of spots of diabantite. 

2. In various sections cut from specimens taken at different distances 
up to 3,300 feet from the edge of the dike no distinction could be observed, 
but in one taken from very near the center the augites were in large, dis- 
tinct crystals, very abundant, and plainly anterior to the feldspars. 

3. Slides taken from the south edge of the dike, where Elmers Brook 
finally leaves the trap, showed a large development of the finely granular 
groundmass (grains 0.005"") so common in the rock of the tenth dike. 

4, Sections were cut from the long, narrow, eastward prolongation of 
the dike where the Moody Corners wood road crosses it and at its inter- 
section by the two roads next east. ‘They resemble the type closely. The 
augite is in the main subsequent to the feldspars, but is a little more dis- 
tinctly individualized in long blades. Olivine changed to an olive-green 
serpentine and distinct traces of the unaltered mineral occur sparingly. 

5. In sections cut from the edge of the small apophyses sent off by 
the main mass into the sandstone and exposed in Batterson’s quarry, we get 
additional proof that the larger feldspars are of earlier consolidation. These 
porphyritic feldspars are of the common size, 1 to 2™™ across, and are asso- 
ciated with deep-green, well-formed olivines in an extremely fine-grained 
groundmass, so that it seems that they had already separated out in the 
magma before its injection into the narrow fissure in the sandstone, in which 
it cooled so rapidly that the customary ophitic structure was not produced 
but was replaced by the semicrystalline development described below. 

The main groundmass is a felted mass of finest fibers 0.0016™™ across, 
quite possibly feldspar microlites, which are not rigidly straight, but wavy, 
often beaded, and are clearly margarites; generally, however, they polarize 
distinctly. These fibers have a radiated arrangement, which gives the 
whole groundmass a spheruliti¢ structure. The fibers polarize sheafwise, 
although they are not parallel. 

The presence of olivine in the fresh fine-grained diabase dikes in the 
granite, and especially in the minute dikes I have described (p. 416), as 
also its presence in the newer diabase of the volcanic plugs, particularly in 
that one which has been described as so full of quartz grains (p. 483), may 
seem, when contrasted with the absence of olivines in the great Deerfield 
and Holyoke beds, to indicate that the two former occurrences are to be 
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associated together as of the same age and contrasted with the two latter 
and older occurrences; but olivine occurs in considerable abundance in the 
base of the Holyoke bed at the west foot of Provens Mountain in Westfield. 
It is strange, however, that where the inclusions of aqraate are most abun- 
dant olivine is also most abundant. 


NORTHAMPTON. 
THE TWELFTH OR BURNT MILL CORE. 


Beneath the railroad bridge over the brook which crosses the railroad 
a mile above Smiths Ferry the contact of the sandstone dips steeply south- 
east beneath the posterior trap, and this contact can be followed, clearly 
exposed, along the south side of the brook beneath the road bridge and 
past the ruined leather mill, and along the south side of the mill pond. 
The conformable posterior trap bed extends southeast of this line. (See 
p. 465.) Just north of the brook and below the dam one sees the outcrops 
of an intrusive dike or plug, which comes up apparently along a transverse 
fault that can be traced west across the mountain from this point. The trap 
cuts across the strata of sandstone that underlie the posterior trap bed at 
every angle, and adjacent to the north end of the dam bakes the sandstone 
for 6 or 8 feet, so that the line of contact between trap and sandstone is 
seen with difficulty. 

A long ridge of the trap extends west along the northwest side of the 
pond, and appears also on its south side, and can be followed thence south 
for 20 rods. At the water’s edge trap and sand are confusedly blended. 
In the bluff above, just south of the head of the pond, appears a well-marked 
fault. The posterior trap abuts on the sandstone. It is the continuation of 
the Mount Tom fault, and the newer trap comes up at the intersection of 
the two faults. A large part of the trap is fresh, compact, and breaks with 
sharp splintery fracture; a portion of the surface is crumbly and much 
weathered. This represents a part of the surface of the old laccolith. 

The trap of the plug may be followed down the brook on its north 
side to the road, and just east of the road several offshoots from it appear on 
both sides of the brook. On the north is a 4-foot dike, on the south a 4-inch 
dike at the water’s edge and a 1-foot dike a few feet up. The latter con- 
tinues under the road to the dam. <A few rods farther east one comes 
upon the most southern of two outcrops of trap at the Lyman railroad 


crossing, which is doubtless the eastern edge of the plug, since it is com- 
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posed of the same type of trap and contains as inclusions portions of coarsely 
amygdaloidal trap, derived doubtless from the posterior trap sheet, or the 
tuff, through which it has been intruded. 


THE SMITHS FERRY CORE. 


Directly opposite the Smiths Ferry station and at the edge of the low 
terrace sands just south of the extensive dog kennels the tuff is interrupted 
by an area of trap, about 6 rods on a side, which seems to be intruded 
through the tuff, simce it has angular masses of the tuff 6 inches across 
included in its mass. It does not rise above the level of the tuff, as is usual 
with the more compact plug trap, and I at first considered it a portion of 
the surface of the posterior sheet exposed where the tuff had been worn 
through, but the inclusions of trap are foreign to the posterior sheet and the 
erosion of the old lake shore-line may have lowered the plug at this point. 
(See, however, page 474.) 


CORE AT THE ELECTRIC RAILROAD CROSSING OF ROARING BROOK. 


Where the Holyoke Electric Railroad track leaves the main road to 
go to Forest Park it crosses Roaring Brook. Just south of this crossing is 
a surface of trap, exposed by the excavations for the road, which is weath- 
ered and breaks up into spheres at the surface and rests on the sandstone 
in the brook just below. This is the south exposure of the posterior trap 
sheet. Just across the brook the railroad cutting exposes a splintery trap of 
fine grain and perfect freshness, which seems to be the southernmost of the 
small plugs accompanying the posterior sheet. 


SUMMARY OF HISTORY OF THE CONNECTICUT RIVER SANDSTONE. 


The mountain-making forces which folded up the Appalachian chains 
acted against the mass of the Archean rocks in the Adirondacks, as seen 
by the great curve which these chains make as they run southward beyond 
its influence. The outlines of the Connecticut Basin were laid in pre- 
Devonian time, since the Bernardston Devonian is bordered by shore con- 
glomerates which coincide with the borders of the basin and the later limits 
of the Trias. The sinking of the great block south of the Connecticut 
shore-line, which broke this curve of the Appalachian chains, prepared the 
way, perhaps, for the second admission of the waters into this narrow 
channel, which in shape and position resembled the Bay of Fundy. 
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The tides of this bay were on a scale which for a bay of this width 
have no counterpart at the present time. They passed strongly up the 
west side and down the east side, and were here reenforced by the prevail- 
ing west winds, so that they formed very coarse conglomerates on the east. 
The currents sweeping up the west side, past shores and over bottoms of 
coarse and deeply decomposed granites, swept granitic débris far north, over 
the area of black schists. Those passing south swept argillite and quartzite 
débris far south along the pegmatite shore-line of the east side, and the peg- 
matite material south along the tonalite and schist terrane, and only where 
the bay widened was there in its center an elaboration of quartz sand to 
form the brownstones.. In the narrower parts of the bay the two shore con- 
glomerates meet along a central suture, so to speak, and this ends so abruptly 
at the north end of the basin as to suggest that it extended much farther 
north and was perhaps a strait opening into a larger area to the north. 

The network of faults which bounds and intersects this basin permitted 
the sinking of its bottom, in which movement the block from Amherst to 
Northfield participated in a much less degree than did the rest. In the 
great transgression which followed, the waters slowly rose upon the bottom 
and the slopes of the basin and found a great abundance of material ready 
for transportation and redistribution, because the rocks had become deeply 
disintegrated during the long period of emergence which was now brought 
to a close. 

I have examined both shores of the Bay of Fundy as well as the 
fiords of Norway and Scotland, and in comparison the work done here 
seems to me to indicate stronger currents, a larger amount of material, 
more rapid change of level of the sea, and more rapid deposition, than can 
be found in any modern examples. The sea seems to have risen over the 
flats and slopes of deeply softened rock more rapidly than it could remove 
the material, and therefore advanced without forming a fixed and deep-cut 
coast line. It often moved the softened débris in such large quantity to its 
present resting place that it is scarcely sorted or rounded even when quite 
coarse gravel. Indeed, the study of this Triassic transgression has thrown 
more light upon the ancient and more widespread Cambrian transgression 
(Chapter V) than I have gained from the examination of more modern 
instances. 

It is very remarkable how entirely the finest clayey material was 
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wholly removed from the basin during the deposition of beds of so great 
thickness. At a certain time in the midst of this rapid deposition came 
the great eruptions, apparently synchronous, of the Deerfield and Holyoke 
beds. The bottom of the bay at this time presented a surface covered in 
different parts by beds of every degree of coarseness along its borders and 
grading toward the center into finer beds, as is indicated by the character 
of the substratum on which the trap beds rest. 

Along beneath the trap of the Holyoke range from west of Mount 
Holyoke to beyond Mount Tom much argillaceous limestone is inclosed in 
the trap at its base, and in Holyoke, at Ashley’s pond, the same limestone 
occurs in the inclusions at the surface of the same trap sheet. 

I explain the above structure by the under-rolling of the surface of 
the sheet. A limited amount of calcareous mud was washed by the strong 
convection currents onto the submerged. surface of the advancing sheet 
(which was superficially solidified) and blended more or less with this sur- 
face, which by the continued advance of the mass became in part under- 
rolled, like the surface of an unrolling carpet, thus protecting the sand 
below from baking, and bringing the highly vesicular trap loaded with 
limestone to the base of the bed. A similar structure occurs at the base of 
the trap sheet east of Greenfield, but not at its surface. This was caused 
by the frothing up of the muddy bottom into the liquid trap. 

It is quite probable that these trap sheets were poured out through 
fissures—the Holyoke sheet through an east-west fissure passing beneath the 
line of small volcanic cores a mile south of the main outcrop of the main bed, 
and continuing as a north-south fissure passing through the same series of 
plugs west of the Connecticut. The focus of most intense and long-con- 
tinued action was about a mile south of the point where the river cuts 
through the main ridge and where these fissures intersect. The Deerfield 
fissure can not be exactly located. It was beneath or east of the present 
outcrop, because artesian wells at Turners Falls cross the trap sheet just 
east of this outcrop, and there is no trace of intrusive trap west of the 
present western bluffs. Its focus was probably just east of Greenfield. 
These sheets produced no disturbance in the distribution of sediments and 
almost no tuffs, and the arkose which covers them is often buff and nearly 
free from iron and lime. 


The sands which spread over the basin soon covered the great trap 
MON XXIxX——32 
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sheets, and then a second period of volcanic activity followed. The lava 
broke out at a point on the fissure through which the older lava had come, 
and flowed in a broad sheet down the bottom of the valley. The place 
where the lava came up is preserved in Little. Mountain, east of Mount 
Tom, and the outcrop of the lava sheet extends north and south from here, 
and has been described as the posterior sheet. 

The next episode in the history, following immediately on this outflow 
of lava, was an explosive eruption of diabase forming the beds of tuff from 
the Belchertown ponds to Holyoke. The center of eruption seems to have 
been at the focus mentioned above, not far from Smiths Ferry, since the 
bombs there are a foot across and decrease in size in both directions. The 
tuffs produced a marked change in the fucoidal’ beds (the Longmeadow 
sandstone) above, into which they grade, as compared with the older beds 
beneath the tuff. By shallowing of the water the beds are rendered finer, 
and they are made deep-red and calcareous from the decomposition of the, 
tuff. These red beds extend south from the lunate band of tuff, but this 
tuff only accelerated and intensified a process which extended far south 
beyond its influence, and which had its cause in the width of the basin, its 
shallowness, and the presence of northward currents along its west side 
and southward currents along its east side. These currents kept the sides 
of the basin deeper and made them a seat of coarser sedimentation, and 
between them was a central area of conflicting and shifting currents—a sort 
of Sargasso Sea, in which the finer fucoidal sandstones were deposited and 
so frequently exposed by the retreating tides that almost every part shows - 
mud-cracks, rain-drops, tracks, thin films of coal, or some trace of exposure. 

The northern or Montague basin reached only this stage, the broad 
development of the central fucoidal sandstones, and there was no tuff 
outburst or development of shales. In the wider southern or Springfield 
basin a central area of still greater quiet developed with the widening 
of the channel, in which at last marly sediments were retained within 
the area, marked by numerous salt pseudomorphs, and in which a later 
circulation of the waters has concentrated the lime into bands of concre- 
tionary limestone. 


1 These paragraphs were written when the rodlike markings in the ‘ ‘fucoidal” sandstones were 
supposed to be plant remains. I now think them to be concretions, as explained under ‘‘ Plants,” p. 
395. There may thus be added to the effects of the impregnation with iron the abundant rod-shaped 
concretions which have been mistaken for plant remains and called ‘‘fucoids.” 
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The beds containing reptile tracks are almost without exception above 
the great trap sheets, and in most cases not very far above them vertically. 
Some of the localities situated far to the east have been brought up by 
faulting. These central exposed mud flats seem to have been caused by 
shaliowing of the waters, which resulted from the flowing of the great sheet 
out over the bottom. 

The present dips are the result of three actions difficult to separate: 

(1) Deposition upon an inclined plane, especially that between the 
central shallower portion and the deeper portion on the border. This 
seems to be the case across Hatfield and Deerfield, on the western side 
of the basin, where the finer central beds dip slightly west toward the 
coarser beds near the shore, and across South Hadley, Springfield, and 
farther south, where the finer central beds have a low dip eastward toward 
the shore beds. In these cases the beds.have been moved but little since 
their deposition. 

(2) A slight excess of sinking on the eastern side or an increment in 
the strength of the eastern currents, or both, by which the finer central 


beds were in their eastern portion encroached upon and covered by a 


broad transgression of the eastern conglomerates, so that all down the east 
side the fine-grained beds dip normally beneath the coarse. 

(3) Later tilting, largely to the east, but bending to the south in the 
Holyoke range, and generally of the monoclinal type, the important excep- 
tion being at the mouth of Millers River, where there is a great syncline 
whose axis pitches sharply a few degrees south of west. By this later 
monoclinal tilting the covered bed of fucoidal sandstone is brought up 
several times in the mass of Mount Toby. 

A third period of volcanic activity occurred in the southern basin 
about the time of the close of sedimentation and the ‘final tilting of the 
sandstones. Nearly a score of volcanoes formed a chain running from the 
Belchertown ponds first west to the Connecticut River and then south to 
Holyoke, apparently caused by the reopening of weak points along the 
great fissures which had supplied the material of the earlier sheet. One of 
these shows indications of having been a laccolith sending out a long 
fissure-fillng in the sandstone. Another is diabase filled with granitic 
inclusions. The rest are small plugs. 

The final tilting was much more severe in the northern portion of the 
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basin, and ‘has here a large component of north-south motion, and thus of 
east-west strikes. The limit of this severe action is the east-west fault 
marked by the line of craters just mentioned. Many baryta-lead veins in 
the sandstone and the crystalline rocks on its borders seem to have been 
formed at this period. 

In his review of the question whether the rocks of the Connecticut 
Valley were deposited in a separate basin, as has been maintained in the 
preceding pages, or were connected across western Massachusetts and 
Connecticut and eastern New York with the New Jersey Triassic, which 
culminates in the Palisade range, Professor Russell’ still maintains the 
opinion he had advanced in earlier papers. .The localities described in the 
preceding pages where coarse conglomerates and coarse, unworn arkose 
beds rest on the crystalline rocks along the western border, and the relation 
of these beds to the great granite areas directly west, make it quite certain 
that the upper end of the bay in Massachusetts had its western shore-line 
quite exactly at the present western border of the Triassic beds. These 
latter are mainly formed from bottom to top of the coarse débris of mus- 
covite-granites such as now form their western border, while if they had 
transgressed but a few miles westward they would have covered entirely 
all this coarse granite area, and there is no similar area from which the arkose 
could have been derived farther west, where the shore-line must have been. 


THE USE OF THE TRAP AS ROAD MATERIAL. 


It is well known that the trap furnishes the best material for road 
making, and as the legislature of Massachusetts has wisely entered upon 
an extensive and carefully arranged scheme looking to the extension of 
macadamized roads throughout the State those places where the trap is 
found in large quantity and of good quality and near to railroads will be 
of economic value. The city of Springfield has for a long time worked a 
quarry at the point in Westfield where the Boston and Albany Railroad 
crosses the main or Holyoke trap sheet. Recently (1895) the Massachu- 
setts Stone Crushing Company has established an extensive plant on the 
south side of the Deerfield River at Cheapside, with a capacity of about 
100 tons per diem. The company has spur tracks to the Turners Falls 
branch of the Canal Railroad and can distribute its product readily by rail 


! Correlation Papers, The Newark System, Bull. U. 8. Geol. Survey No. 85, 1892, p. 101. 
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from Northampton or Greenfield. This work is on the main Deerfield 
trap sheet. The New England Trap Rock Company, of Westfield, has 
opened another large quarry on the west line of West Springfield, on the 
Holyoke-Westfield road, with a spur track to the railroad which connects 
these towns. It has two large crushers with a capacity of 700 tons per 
diem, and can deliver the rock on the cars at 65 to 75 cents per ton. A 
crusher has also been set up at the west foot of Mount Tom, in Easthamp- 
ton, which supplies this town with road material. It is directly under the 
most picturesque portion of the palisaded bluff, and although it is at present 
working in the trap talus, later the operations may seriously mar the north 
wall of the mountain. The great dike beside the spur track of the quarries 
of W. N. Flynt & Co., in Monson, has been opened by that company, and 
will supply material of the very best quality. 

The city of Northampton has for several years established its crushing 
works near the north line of the town and at a distance from railroads, and 
works the Hatfield tonalite or hornblendic granite, which is a partly decom- 


- posed rock, more brittle than the trap, and in many ways an inferior rock 


for road ballast. The city has access beside the road or railroad within its 
own limits to several better ledges than the one it works now. In 1897 the 
city of Ware opened a quarry on the Coys Hill dike on the mountain side 
east of the railroad station. The dike is here 5 rods wide, favorably situated 
for quarrying, and will furnish the best material in inexhaustible quantity. 

The other localities where the rock occurs in good quantity and quality 
and convenient of access to the railroad are: Where the Fitchburg Railroad 
crosses the Deerfield trap sheet, on the north side of the Deerfield River 
and directly opposite to the present works; along the Connecticut River 
Railroad below Mount Tom station, especially at the first crossing, and at 
Delaney’s quarry on the north line of Holyoke; at Tatham Cutting, in West 
Springfield; and finally, all the later volcanic cores marked on the map, and 
especially the dikes of. the trap marked in the crystalline rocks on the east 
of the Triassic area, furnish a rock more fresh and firm than the trap of the 
main sheet. 

West of the Triassic no beds of trap are found and the hornblende- 
schist of Chester or the Becket gneiss will be the best substitute for 
local use. 


C.HvAVP AU Roa ae 
“MINERAL VEINS. 


The only mineral veins in the area are of the ‘“ baryta-lead formation,” 
though in some of the fissures occupied by these veins there seems to have 
been an antecedent “‘fluorspar-calcite formation.” Many of these veins seem 
to have been first filled with fluorspar and calcite and various ores. These 
are now scarcaly represented except by the many pseudomorphs of quartz 
after fluor and calcite. The circulating waters bearing silica first dissolved 
out or replaced the fluor and calcite. This forms the beginning of the 
second stage of vein filling, and the veins soon became quartz-barite-galena 
deposits, with chalcopyrite and sphalerite at times replacing the galena. It 
is quite possible that the fluorspar-calcite formation dates from the time of 
the post-Carboniferous folding, and entirely probable that the baryta-lead 
veins coincided with the folding of the Triassic rocks, since they occur 
both in the Triassic sandstones and in the older rocks. 

All the minerals which occur in the veins mentioned above are 
described in detail in the author’s Mineralogical Lexicon of the three 
counties’ and in the supplement to the same in Chapter XXII of this 
monograph. 

The other beds in which mining is done—the emery bed and the pyrite 
and hematite beds in the Hawley schist—are in the main contemporaneous 
beds, interstratified with the schists which contain them, and the workable 
ores were either originally present, as in the emery bed, or were formed 
largely by replacement of other beds, so that it has been more natural to 
discuss them in connection with their country rock. , 

Westhampton; the Loudville vein—On July 27, 1679, the little plan- 
tation of Nonotuck, now Northampton, held a town meeting and voted, 
‘‘after much discourse and agitation,” that the town have a general interest 


ce 1 Bull. U.S. Geol. Survey No. 126, 1895. 
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in a lead mine newly discovered within its limits. There is but one other 
entry on this subject in the early records of the town, viz: 

At a legal meeting Oct. 16, 1679, they then having further Conference about the 
lead mine which Robert Lyman found out, they then voted that all such persons 
as would join in the Carrying on of that design, Should meet on the 23d of this 
instant at Sun one hour high at night, and to them or to those persons that shall 
then appear the Town do hereby give up all their right in that mine lying about six 
miles off, at the west side of the Town. 

It can not be learned what came of this vote, but bullets were cast 
from lead smelted here during the Revolution.t The shaft was opened 
before 1769, and again in October, 1809. It was reported upon by Ben- 
jamin Silliman in October, 1810, and the report was printed as an article 
in Bruce’s American Mineralogical Journal? The shaft was then 60 feet 
deep, the adit 25 to 30 feet, and the vein was ‘‘a very magnificent one, 6 to 
8 feet in diameter.” In 1815 the adit was 726 feet; the shaft entering 500 
feet from the mouth was 90 feet deep.’ In 1818 Amos Eaton described the 
rocks of the adit carefully. It was then 800 feet deep, 666 feet in sand- 
stone, 134 feet in granite-schist and serpentine, containing veins carrying 
quartz, fluor, calcite, chalcopyrite, and one small vein of galena.* In 1823 
the adit was 990 feet long and had cost $20,000. 

In 1827 druses containing more or less calcite crystallized among the 
crystals of quartz had occurred in the last 200 to 300 feet of the adit® and 
a company opened a new mine with a drift on what was supposed to be the 
same vein 3 or 4 miles southwest; the vein being 6 inches to a foot wide. 
In the next year the vein was opened one-half mile north.’ In 1832 Presi- 
dent Hitchcock mentions with apparent regret that work had been stopped 
on the adit at 900 feet, largely because the price of lead had decreased 
greatly, from western competition, and expresses the belief that the vein 
would have been struck in a few feet. The mine was opened again in 
1855 ‘with prospect of success.”® 

The mine was again dpened in about 1862, and I remember visiting it 


1 Evert’s History of the Connecticut Valley in Massachusetts, Vol. I, 1879, p. 17. 

2Tpbid., Vol. I, p. 63. 

3K. Hitchcock: North American Review, Vol. I, p. 335. 

4Amos Eaton: Am. Jour. Sci., 1st series, Vol. I, p. 137. 

5H. Hitchcock: Am. Jour. Sci., 1st series, Vol. VI, p. 201. 

6 A. Nash, The lead mines of Hampshire County: Am. Jour. Sci., 1st series, Vol. XII, p. 258. 
7K. Hitchcock: Am. Jour. Sci., 1st series, Vol. XIII, p. 218. 

§E. Emmons, American Geology, p. 183. 
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then, in my freshman year, and rowing the length of the adit. The Manhan 
Silver-Lead Company was formed, which erected extensive buildings and 
installed expensive machinery. I have been informed that the enterprise 
failed because of the fall in the price of lead at the close of the war, and 
that the machinery, costing about $60,000, was sold to the Chester Emery 
Company for about $17,000. 

The vein produced lead with about 124 ounces of silver per ton from 
galena. Sphalerite, chalcopyrite, pyrite, and bornite occurred more rarely; 
barite and quartz in abundant crystals was.the gangue. As decomposition 
products, malachite appeared with wulfenite, cerussite, and anglesite, and 
the finest pyromorphite occurred. Pseudomorphs after calcite and fluorite 
indicated the former more abundant presence of these gangue minerals, 

The most interesting article that has been published on the lead veins 
of Hampshire was by a wholly self-taught man, Mr A. Nash, and this seems 
to have been his only essay in authorship. Professor Shepard, who then 
did editorial work on the American Journal of Science, told me that it took 
much editing to make the paper intelligible. Much of what follows comes 
from that paper. 

Whately—This vein is in the southwest part of the town, on the 
summit of a high mountain of granite. The vein is 3 to 4 feet wide; 
considerable galena occurs in a quartz gangue; the range and vein strike 
northeast. (Nash.) I have searched for this without success. 

Whately—In the northwest part of the town. The vein runs north 
and south. It has been traced 100 yards to the edge of Conway. The 
ends of the vein are in mica-schist; the middle is in granite; 6 to 7 feet 
wide. The gangue is quartz; the ore, galena only. (Hitchcock.*) Shows 
graphitic slickensides; crushed veins with quartz, calcite, and green fluor. 

Conway.—Southeast part, 3 miles from meetinghouse, and southeast 
of the manganese vein. It contains quartz and galena. (Nash.) May be 
the same as the last. 

Chesterfield—A copper mine is put down on Nash’s map east of the 
Lily Pond Brook, but not mentioned in the text. 

Goshen.—Sixty rods east of Congregational meetinghouse; galena in 
crystallized masses of quartz on the ground; no vein seen. (Nash.) 


1Am. Jour. Sci., Ist series, Vol. XII, p. 238; map. 
2 Am. Jour, Sci., 1st series, Vol. VI, p. 204. 
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Wilhamsburg.—Northeast part; vein not seen; large blocks of quartz 
occur in great profusion in a range several rods wide and one-quarter of a 
mile long; the quartz is radiated and rich in galena and chalcopyrite. 
(Nash.) 

Williamsburg.—V ein runs northwest, then north, and then northeasterly 
into Whately; quartz partly green and amethystine with pyrolusite and 
galena, which increases northerly. (Nash.) 

Williamsburg. Extending into Whately one-half mile east of the above. 
Contains galena and pyrolusite in quartz. (Nash.) 

Willhiamsburg.—At northwest corner of Northampton, near the argentite 
locality (see Mineralogical Lexicon,’ under ‘“‘Calcite”). It contains pseudo- 
morphs of calcite and fluorspar; the vein extends down the brook one-third 
of a mile on the east side. (Nash.) : 

Shelburne.—North of J. Dole’s, 1 mile west of Shelburne Center, at 
southeast border of gneiss on contact of hornblende-schist and mica-schist; 
vein 2 feet wide, containing pyrite, galena, blende, malachite; runs N. 25° 
K., dip 40° E. 

- Greenfield.—At junction of diabase and upper sandstone, on the west 
bank of the Connecticut, 100 rods below the mouth of Fall River. It goes 
north obliquely into the diabase and south across the sandstone in the river 
bed. The principal vein is 5 to 6 feet wide. It strikes north-south; dips 
90°; malachite is common, the sulphuret is rare. There is a second vein 
about a mile below, and narrow veins with fine slickensides occur in other 
places between. (1. Hitchcock.’) 

Turners Falls—W est side of the island at the falls; strike north-south; 
dip 90°; produced fine large masses of chalcopyrite and much siderite; is 
in brecciated sandstone. 

Hatfield.—V ein appears in the bluff of tonalite about.2 miles west of the 
town, 60 rods north of the road to Williamsburg. It can be traced N. 60° 
W. for about 30 rods. A slanting shaft has been sunk from the base of 
the bluff; the vein is 1 foot at surface and 3 feet at bottom. Farther west 
the vein has been opened about 20 feet deep; it is here 4 feet wide at 
surface and 8 feet at bottom. Back from the vein the tonalite seems very 
fresh, but under the microscope its feldspar is always much kaolinized. 


1 Bull. U. 8. Geol. Survey No. 126, 1895. 
2 Am. Jour. Sci., 1st series, Vol. VI, p. 207. 
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For several feet on the border and in the numerous “horses” it is changed 
to a plainly kaolinized white mica-granite, most or all the hornblende being 
removed. It contains rarely green fluor and calcite, R*,-5R, weathered to 
dull gray and both in every stage of change to hollow pseudomorphs of 
quartz. The main filling of the vem—following the above calcite-fluor 
stage—was quartz, itself covered by barite, which so abuts against the quartz 
with its prismatic faces that the latter seems to be the newer mineral, which 
is rarely the case. Galena, blende, pyrite, chalcopyrite are the ores. A 
second generation of calcite, R, R’, occurs in the quartz. Cerussite, mala- 
chite, pyromorphite, limonite, and pyrolusite are the decomposition products. 

Leverett—One mile northwest of the meetinghouse, on land of Mr. 
Field, once considerably worked, but abandoned on account of its unprom- 
ising appearance. (Nash, 1827.) Was worked by a company organized in 
New York a few years ago, but did not pay.’ Strike north-south; dip 90°. 
(EK. Hitchcock.) The vein is in mica-schist and granite. It is several feet 
wide, and contains galena, chalcopyrite in masses of the size of one’s fist, 
blende in the best crystals obtained from any of the veins, and pyrophyl- 
lite. The gangue is baryta. Hollow quartz pseudomorphs after pyro- 
phyllite occur. 

Leverett.—South line, ‘White Rock quarry.” Only few inches wide 
at surface, but widening below. Galena and chalcopyrite abundant at sur- 
face, but rare below; worked but few feet down, there 1 foot wide; nearly 
pure barite. (Nash.) Later a long adit was driven in, but caved many 
years ago. . 

Leverett.—Cut south of railroad crossing next east of last: mine; narrow 
veins of barite, with little galena. . 

Northampton.—At the quarry east of Florence, in Northampton (south 
of W. N. Moore’s house), the biotite-muscovite-granite is cut by joints run- 
ning N.50° E. and dipping 60° N. These joints are about a foot apart and 
in this and in the next quarry to the east are often marked by fine slicken- 
sided surfaces. Between two of these fault planes a sheet of the granite 
is finely crushed and the parts recemented, producing a great crush fault 
which runs beyond the limits of the quarry in both directions. The 
fissures thus produced were occupied first by calcite, which is now present 
only in a few crystals coated with transparent cubes of fluor, but is further 
represented by negative crystals in barite and quartz. Barite followed the 


'Evert’s History of the Connecticut Valley in Massachusetts, Vol. II, 1879, p. 733. 
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calcite and shot out through all the cavities in broad plates of extreme 
thinness. This was followed by an abundant deposition of quartz, both as 
drusy surfaces and as pseudomorphs after calcite, and by barite. There 
is also an abundance of a chocolate-colored tabular quartz, slashed full of 
fissures from which the blades of barite have disappeared, which is a most 
perfect pseudomorph after the peculiar tabular form of calcite called argen- 
tine, which occurs also on the other border of the great granite area. 

The quartz is followed by prehnite in broad surfaces of large crystals, 
simple or slightly rosetted. The prehnite was followed by laumontite in 
fine large crystals possessing the wholly peculiar form characteristic of this 
mineral, but now represented only by hollow incrustation pseudomorphs in 
albite, which latter appear as minute, limpid, very characteristic twins. The 
whole forms thus a very peculiar but very clearly observed paragenesis. 

Russell.—Mineral veins appear in the northwest part of Russell, show- 
ing drusy quartz and galena.'| Specimens are deposited in the Massachusetts 
State Survey collection made by E. Hitchcock. 

Huntington— Angel’s mine, Norwich, now Huntington. Showing 
blende in large masses and a beautiful drusy quartz pseudomorph after 
barite and calcite,” according to the specimens in the survey collection. 


1Cat. Agr. Museum, 1859. Rept. Agriculture Mass., Appendix, p. LXIX, No. XIX, 202, 203. 
2 Loe. cit., 200, 201, 204-211. 
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THE INTERVAL BETWEEN THE TRIASSIC AND THE GLACIAL PERIOD. 


DEPOSITS. 


Within the area here under survey the materials for a reconstruction 
of the history of the later Mesozoic and the Tertiary are extremely scanty. 
With the exception of a single trap talus beneath the lower till there 
are no known deposits left to represent these long ages. The excavations 
for the Turners Falls branch of the Canal Railroad were carried along the 
south side of the Deerfield River where the latter passes through the notch 


in the Deerfield range to reach the Connecticut, and exposed at a height of 
508 ; 
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50 feet above the river a great talus of trap fragments—a_pre-Glacial 
“Devils Garden,” as these desolate slopes were called by the fathers— 
resting against the vertical wall of trap, which here rises about 100 feet 
above the level of the stream. The talus was exposed for a length of 90 
feet and for a height of 30 feet, and it apparently extends down to the 
level of the river, 50 feet below, but this was not observed. Covering this 
talus and extending up over the trap was a layer of very compact till, 30 
feet thick, of reddish color, made up mostly of sandstone with few bowlders 
of mica-schist from the western hills and with none of trap. At least nine- 
tenths of the bowlders, down to those not above 2 inches on a side, were 
finely striated—a quite unusual proportion. : 

A fresh vertical section of this till produced by caving was marked for 
a long distance by wavy lines of apparent bedding so perfect that at a dis- 
tance I had supposed the beds to be the thin-laminated Champlain clays, 
but the lamination proved to be an unusually perfect pressure cleavage in 
the till, in planes dipping 60° to 70° NW., at right angles to the direction 
from which the ice was moving in the canyon, as marked by the striz 
upon the trap immediately above. These data prove that the ice breasting 
the long westward-facing vertical wall of the Deerfield trap range was 
pressed into this notch in the range with exceptional force, from which we 
may deduce that the prevalent southward motion of the ice in the valley 
was due to its deflection from the normal northeast direction by the north- 
south walls of the valley and of the divide ranges. 

A further interesting deduction is that the notch of the Deerfield range 
is, in its present form, of pre-Glacial origin, and since the river flows 
through without exposing rock at bottom the gorge was then of even greater 
depth than at present. The Deerfield Indians affirmed that it was begun 
by a squaw with a clam shell. 

One other deposit, probably of Tertiary age, is described with the 
“Camp Meeting cutting,” near end of Chapter XIX. It is a thoroughly 
sorted, pink beach sand, and it appears below the glacial beds on the north 


line of Northampton. 
PRE-GLACIAL WEATHERING. 


The only important case of the preservation of any portion of the 
deeply decomposed surface rocks which must have characterized the 
country before the advent of the ice, as they are now characteristic of 
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non-glaciated countries, is the great bed of kaolin preserved from the ice 
under the lee of the great hill on which Blandford is built (see p. 330). 
Another area is northwest of Roaring Brook bridge, on the south line of 
Northampton (p. 474). 


PRE-GLACIAL DRAINAGE AND EROSION. 


The above deduction concerning the age of the Deerfield notch may 
serve as an introduction to the discussion of the other similar notches in the 
valley and of its pre-Glacial drainage and erosion. (See map, Pl. XI.) 
Not only does the Connecticut pass through a like notch in the Holyoke 
trap range near its highest point in a deep, short valley bordered by fine 
rock-cut terraces (fig. 28), while it could have passed down the western 
lateral valley (see topography of the valley, p. 8) without rising more than 
145 feet above its present height, but the Westfield and Farmington rivers 
also, like the Deerfield, after passing out of their gorges in the crystalline 
rocks, run across the low sand plains of the western lateral valley, make a 


Fig. 28.—Holyoke notch from Hadley meadow; pre-Glacial rock terraces. 


wide loop southward, and return to find in each case’ opposite the mouths 
of these gorges a notch in the high trap ridge through which they join the 
main stream, while in each case they could with a slight rise have passed 
southwardly across the sand plains, the Deerfield to join the Connecticut 
around the south of Sugar Loaf, the others to reach the Sound at New 
Haven. Indeed, this peculiarity of the valley system of the Connecticut 
early attracted the attention of President Hitchcock, who, after having 
described it with a sketch map in the Geology of the Connecticut,’ writes 
in the Geology of Massachusetts (1841, p. 328): 


The valleys through which the Connecticut and its tributaries flow are among 
the most remarkable in the State. The ordinary laws of physical geography seem 
here to be set at defiance, so much that a late ingenious writer doubted whether I 
had correctly represented the geology of the Connecticut because the course of 
the rivers and the direction of the mountain ridges were described as having so 
little correspondence with the rock formations. 


1 Am. Jour, Sci., 1st series, Vol. VI, 1823, p. 1. 
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President Hitchcock draws the inference from the facts detailed above 
“that the Connecticut River did not excavate its own bed through these 
mountains, for had the barrier at Northampton been more than 134 feet 
above its present bed it must have emptied into the Sound at New Haven. 
We must seek some other cause, therefore, for the origin of the passage 
between Holyoke and Mount Tom.” I draw the opposite conclusion, and 
believe the history of the erosion of the valley to have been as follows: 

The streams occupied their present valleys in the crystalline rocks 
before and during the Triassic (at levels, of course, much higher than the 
present), and entered the Triassic estuary near where their gorges now 
end at the border of the sandstone. On the recession of the waters the 
Connecticut followed down the deepest line in the middle of the long 
bay and the tributaries took a direct course down the slope to this line 
of greatest depth to join the main river. 

I imagine that the dislocation of the sandstones took place after this 
drainage was established, and so slowly that the streams were not seriously 
disturbed, but cut down through the sandstones till they reached the trap 
sheets, and then through these until the four gorges were carved. 

Many facts point to the conclusion that these valleys were cut much 
deeper than the present bed of the river, and down, indeed, to or below the 
present level of the sea. Piles driven in clay at the Northampton bridge 
went 10 feet below sea level. The Belden artesian well, south of the North- 
ampton station, struck rock 25 feet below sea level, and soundings showed. 
the clays to have great depth beneath the main street crossing; these may 
represent an old course of the Mill River. Borings of the United States 
survey of the Connecticut River between Chicopee and Longmeadow were 
carried to points 19 and 21 feet above sea level and 43 feet below without 
meeting rock, and 14 feet above sea level striking rock.’ In each of the 
four gorges here specially under discussion no rock appears in the stream 
beds. All the points cited above lie along the old channel, at places 
specially sheltered from glacial erosion. 

From this one may conclude, in passing, that the falls along the Con- 
necticut are located in portions of its course which do not coincide with 
this ancient one. 


1T,G. Ells, Report of survey of Connecticut River: Ex. Doc. 101, Forty-fifth Congress, second 
session, 1878, p, 122. 
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Parallel with this deepening of the stream beds the unequal erosion of 
the whole area wore back the banks of the streams in easy slopes where 
- they crossed the soft sandstones, brought out the trap ridges in sharp relief, 
and left thus the short canyons or notches through these ridges. 

Thus on the approach of the Glacial period a surface had been reached 
which coincided much more closely with the present cultivated surface of 
the valley than with its present rocky floor, except along the western lateral 
valley—that is, the broad depression west of the trap ranges—and north of 
the Holyoke range, where the surface of the sandstones was then probably 
higher than the present surface of the later sands. Then came the Glacial 
ice, destroying the whole drainage system and removing an enormous 
quantity of the soft sandstone. Its work was favored and localized in two 
ways by the position of the trap ranges running down the middle of the 
valley. Where these ran north and south with bold westward-facing blutis, 
as in the Deerfield and Mount Tom ranges, the ice coming from the north- 
west was deflected southward and scoured out the soft sandstone at the 
western foot of these ranges, and where the Holyoke range runs clear 
athwart the valley east and west the ice, by its recoil as it lifted over the 
range, plowed out the sandstone all along its northern base down to a level 
much lower than could have been well effected by ordinary aqueous erosion: 

Thus the river channels between the ends of the ravines in the crystal- 
line rocks and the notches in the trap ridges were obliterated because they 
were contained in the comparatively soft sandstone, and we have finally to 
seek the reason why the streams, upon the decrease of the floods which 
accompanied the retreat of the ice, in every case found their way again 
through their old notches instead of taking the more direct and natural 
course down the deep western lateral valley, from which the ice had removed 
the sandstone to so low a level. The broad river occupied then almost 
precisely the boundaries of the earlier Triassic estuary, and the tributaries 
entered it along the border of the western highlands. 

Across Massachusetts the great river was, indeed, rather a series of lakes 
than a river, in that it was filled mainly from the sides by the great confluent 
deltas of its tributaries, which were pushed out to a distance proportionate 
to the importance of the stream that furnished each, while down its center 
clays and fine sands were deposited in less thickness. Thus it came about 
that the great body of sand delivered to the main stream by each tributary 
was spread diagonally across between the western hills and the divide ranges, 


a 
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and in somewhat larger proportions in the area just below the mouth of the 
tributary as a resultant of the transporting power of the main stream and 
the tributary, so that upon the lowering of the waters of the main stream 
and their retreat from the western lateral valley each tributary found its 
way southward dammed up by its own delta deposits, and, ponding back 
behind them, flowed again through its old notch to join the diminished 
waters of the Connecticut. The heavy sands which fill up the lateral valley 
below each of these tributaries, from the western border across to the divide 
range, do in fact show, both by the derivation of their material and by their 
structure, that they are the ancient deltas of these streams. 

The thread of the current of the main stream, driven clear across toward 
the eastern foot of the divide range by the great delta of the Millers and 
Chicopee rivers, had continued to pass through (a) the narrow passage 
between Deerfield Mountain and Mount Toby and (0) the Holyoke notch, 
two portions of its old channel, partly, perhaps, because these lay in the 
main artery of the pre-Glacial drainage, but more because they were out 
in the center of the lake, far from all lateral streams and their deposits, and 
on the recession of the waters the western or lateral valley was filled up 
to such a height by the Westfield River that the Connecticut was compelled 
to shrink down to this line and reoccupy its old notch in the Holyoke range. 


THE PRE-GLACIAL COURSE OF THE CONNECTICUT AND ITS TRIBUTARIES. 


The pre-Glacial bed of the Connecticut across Massachusetts lay 
below the present sea level. (See map, Pl. XI, p. 510.) Hence, where 
the river passes over rocky bottoms with rapids and waterfalls it has been 
expelled from its pre-Glacial bed by Glacial and Champlain deposits. In 
each case the old bed of the stream is marked by a broad band of depres- 
sions in the high terrace sands—kettleholes—partly empty and partly 
water-filled. The ice seems to have persisted in the deep channel until it 
was covered by the flood sands and then to have melted to form the 
depressions. This is most marked south of Millers Falls across the Mon- 
tague plain, in the great loop of Millers River and the succession of ponds 
extending southward, of which Lake Pleasant (its bottom about 67 feet 
below the plain) is the largest. From the State line to Northfield farms 
the river has regained its old bed. South of this point the great delta of 


Millers River crowded it 6 miles west to the foot of the trap ridge and 
MON XXIX——33 
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compelled it to cut in the sandstone the French King gorge’ and the canyon 
of the Lily Pond. 

The river regains its old bed in the passage between Mount Toby and 
Sugar Loaf, where its fine pre-Glacial rock-cut terraces which flank Mount 
Toby have received the name Sunderland Park, and its course across the 
Hatfield-Northampton meadows is closely given on Pl. XI, p. 510. After 
its passage through the Holyoke notch its course is uncertain, and there I 
give two alternatives on the map. . | 

The reasons favoring the eastern course are that it lies along a line of 
deep depressions in the broad sand plain, and shows no rock outcrops where 
erosion has gone deepest. The reasons favoring the other course are that 
it passes over the borings of the Government surveys of the Connecticut 
River, one of which went 30 to 40 feet below sea level, and, like the other, 
is a line where the deepest erosion discloses no rock. (See “The Spring- 
field Lake,” in Chapter XIX. 

It is certain that between the Holyoke notch and the latitude of 
Springfield the river ran far east of its present course, because it now 
cuts through rock all the way from Mount Holyoke to the Holyoke Falls. 

The justification for the course given the Deerfield River and the 
Westfield River has been presented above. An inspection of the map will 
suggest that the Deerfield River may have run southeast from its ravine 
through the finely rock-terraced notch between Sugar Loaf and North 
Sugar Loaf, and that its present notch in this range may have been cut by 
the Green River, but the drawing on the map represents the most probable 
status. The Sugar Loaf notch is not deep enough for the Deerfield River, 
which probably ran south of Sugar Loaf. 

The notch which separates Sugar Loaf from North Sugar Loaf is plainly 
water-formed, and Whately Glen is its most probable upstream continuation 
among the crystalline rocks, as indicated on the map. 

In the same way the main gap in the center of the Holyoke range, to 
which the name “Notch” is especially restricted in the valley, was the 
result of water erosion and was the site of a great waterfall before the 
Glacial period. It is deeply cut in the trap, with vertical walls, and its 
continuation in the sandstone immediately south of the trap sinks very 
suddenly to a much lower level, forming the Orchid Garden, celebrated 
among botanists. I think this notch was in continuation of the ‘Freshman 


1See footnote on page 296. 
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River.” It was temporarily reoccupied during the recession of the ice, 
receiving the overflow of a Glacial lake which formed on the north flank of 
the Holyoke range, banked on the north by the ice of the Hadley basin. 

There are two striking gorges in the west of the town of Holyoke, 
both cutting the trap very obliquely, one occupied by Wrights Brook 
(which enters Hitchcocks Pond), while the Westfield and Holyoke Rail- 
road passes through the other. These gorges seem to be portions of the 
bed of a stream that gathered on the east flank of Mount Tom and ran 
south into the Westfield River. 

Another notch of unknown depth cuts the trap ridge just where it 
crosses the State line into Connecticut. This I have connected with the 
large brook which comes down from Sodom Mountain, in Granville, and 
have called it on the map the Southwick notch. 

Though the evidence is much less clear, it seems probable that the 
narrow canyon skirting the east front of Mount Toby was cut by Locks 
Brook. Its bottom has now the shape of an abandoned water channel. It 
is probable that the portion of the channel of Locks Brook which ran in 
sandstone between the end of its gorge in the crystalline rocks and the 
beginning of the canyon was removed by ice erosion. At the end of the 
Glacial period the ice, halting in the Montague basin, deflected the brook 
again southward into this canyon. 


THE CHARACTER AND AMOUNT OF EROSION DURING LATER MESOZOIC TIME 
AS COMPARED WITH THAT OF THE GLACIAL PERIOD. 


From the preceding discussions of the crystalline rocks and the Tri- 
assic sandstones it is certain that the broad Connecticut Valley was an 
orographic feature of first importance formed in the crystalline rocks before 
the deposition of the sandstones, its borders coinciding closely with the 
present boundaries of the latter. Prof. W. M. Davis' has suggested that 
there may have been a pre-Triassic peneplain, over this area. The places 
where the crystalline rocks break through the Trias are at such different 
levels in places very near one another that this is not probable. 

This valley was then deeply filled by the sands of the Trias, indeed 
above and beyond the present lips of the basin, and has been since so thor- 
oughly eroded a second time that only remnants of this filling remain. It 
seems quite certain that the walls of the valley during and at the close 


1 Bull. Geol. Soc. America, Vol. II, p, 549. Jour. Geol., Vol. IV, p. 678. 
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of the Trias were much higher than now or that the sandstones once 
extended much farther east and west. 

Mount Toby, wholly made up of sandstone and conglomerate, is 1,275 
feet above sea level (1,170 feet above the river), but to obtain its true 
height as a measure of the height of the Triassic at its maximum we must 
add a considerable but unknown amount for subaerial and glacial erosion. 
It is possible that we must subtract something also to offset the elevation of 
the mass during the disturbances which have tilted the rocks. I imagine 
it would be an overestimate of the latter movement if we should assume it 
to have been great enough to counterbalance the depression of the old sur- 
face by erosion. If, then, we take the present height of Mount Toby or 
Mount Tom as that of the sandstone at the close of its deposition and run 
a contour line at this level along the sides of the valley to obtain the orig- 
inal boundaries of the sandstones, on the assumption that the valley walls 
were then about their present height, this line would lie so far back from 
the present border of the sandstone and run into so many sheltered valleys 
that we should encounter greater difficulty in explaining why the sandstones 
are wholly absent from these broad areas on each side of their present 
limits than in assuming a very considerable degradation of the walls of the 
valley since it served as an estuary for the accumulation of the Triassic 
sediments. Indeed, we may say directly that the present border of the 
sandstones represents closely the old border of the estuary, because the 
coarse angular conglomerates and rudely sorted feldspathic sandstones can 
have been transported but a very short distance, and, as their mineralogical 
character indicates, must have been derived largely from beds immediately 
adjacent, which would have been covered if the waters of the estuary had 
extended as far as the supposed contour line, and that, therefore, the crys- 
talline border of the valley must have been sufficiently higher than now to 
form retaining walls for the accumulated Triassic gravels. Within these 
limits the coarse sandstone rose, as above indicated, to a height above that 
of Mount Toby, filling the whole valley to that level. The increased ele- 
vation may have amounted to many hundred feet. 

At would be interesting to follow the course of the erosion by which the 
present ridges have been sculptured out of this mass and to divide the long 
quiet work of the waters in later Mesozoic and Tertiary times from the work 
of the harsher agencies of the Glacial period. | 
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I think it may be deduced from the facts given above that the greater 
portion of this erosion was performed by the first agent, but that the ice 
wore into the soft sandstone considerably, and in some places enormously; 
so that, if the Pleistocene deposits were removed from the valley, the rocky 
floor below would bear small resemblance to the surface upon which the ice 
began to act. I imagine that the present surface of these latter deposits 
would much more nearly coincide therewith. Indeed, along all the west 
side of the valley from Deerfield to Southwick and beyond, and north 
of the Holyoke range, the sandstones may well have been considerably 
higher than the present cultivated surface of the valley. This is deduced 
from the consideration that if the present drainage represents closely the 
pre-Glacial, as shown above, the sandstone should rise by easy slopes from 
the streams and be highest in the areas between them, or in some way show 
an intelligible relation to them. But from this point of view the deep 
depression in the sandstone west of the trap ridge in Deerfield and north 
and west of the Holyoke range would render such a drainage impossible, 
and must be a later work, which can only have been done by the ice. This 
exceptional erosion of the ice depended largely upon the soft nature of the 
sandstones and the peculiar position of the trap ridges. 

From the top of Mount Holyoke I have seen the valley fog rest 
against the hills east and west and, rising to my feet, spread, with a surface 
level as the sea, up and down the valley as far as the eye could reach. If 
it had risen a few hundred feet higher I believe its mass would have 
rudely equaled the pre-Glacial erosion of the Triassic, while I imagine the 
present Pleistocene deposits in the valley would scarcely equal the amount 
removed by the ice. 

As for the crystalline rocks which flank the broad Connecticut Valley 
on either side, the fact that the newer crystallines are covered by the Trias 
in the bottom of the valley and yet are abundantly present in the coarse 
Triassic conglomerates, while the older Cambrian gneisses are broadly 
exposed on the east but are not represented in the adjoining Triassic con- 
glomerates, shows that there has been large erosion over the eastern plateau 
since the Trias.. The suggestion of Professor Pumpelly that secular disin- 
tegration may have deeply prepared these rocks for glacial erosion must 
be taken account of, and renders it impossible to assign to pre-Glacial and 
Glacial agencies their proper share of work. 


CHAPTER XVI. 
THE GLACIAL PERIOD. 


THE PRESENT ROCK SURFACE AND THE AMOUNT OF GLACIAL AND 
POST-GLACIAL MATERIAL ON THE SAME. 


If the unconsolidated deposits—sands, clays, and gravels—were 
removed from the valley we should see a rocky floor, everywhere almost 
the exact surface upon which the ice last lay, except where, from the north- 
ward-facing cliffs of the Holyoke range, the frosts have since eaten into the 
much fissured trap and formed the talus of sharp fragments which rests 
against its base, and in limited areas where the streams flow on rocky beds. 

The whole horizon would be unchanged. The high ridge which stretches 
south from Mount Toby, and upon which North Amherst, Amherst village, 
and South Amherst are built, would be little changed until, coming south- 
ward, we reached Mount Pleasant, the southern portion of which would be 
lowered to the level of the street at its western base, and College Hill, 
Mount Doma, and Castor and Pollux’ would also be absent. A ridge of 
rock would also stretch southward from Mount Warner, much below the 
present surface. The three depressions which, running north and south, 
bound these two ridges, would be much deepened, the East street depression 
by at least 50 feet; the middle one, separating the two rocky ridges, to an 
unknown depth; the western, in which the Connecticut now runs, to at least 
110 feet below low water of that river, and thus down somewhat below 
the level of the sea. On the west of the river, in Northampton, the changes 
would be more extensive, as south of Elizabeth Rock and Roberts Hills and 
east of Loudville all the elevated country, Round Hill, the Hospital Hill, and 
the rest, would be removed, and the rock floor would be found everywhere 


down near or below the present level of the river, except along Mill River — 


near the West street bridge. Under the Northampton meadows it may 
well be a hundred feet below the river level. I have already indicated 
the probable condition of the valley when the ice began to work upon it, 


1 Names given by President Hitchcock to drumlins south of College Grove and north and south 
of South Amherst. : 
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ard the cause of the extreme inequality of its effects over different portions 
of the basin is to be found primarily in the unequal resistance offered by 
the different rocks of which it is composed, and secondarily in the influence 
of the projecting masses of harder rock in deflecting the ice and shielding 
the softer rocks in their lee. Here the trap, so easily dissected by the 
frost, proved most able to resist the onset of the ice. The ridge of trap 
which makes the backbone of Deerfield Mountain survived after the sand- 
stone had been worn down on either side and protected the Sugar Loaf! in 
its lee, and, with Mount Warner, farther south, projected into the ice as it 
wore deeply on their flanks. So Mount Toby, built of a conglomerate 
more durable than the sandstone beneath, and protected by Deerfield 
Mountain, stemmed the ice and sheltered the long ridge which runs south 
from it, so far that a fragment of the soft incoherent sandstone still lies 
along its eastern slope in Amherst village. 

But the Holyoke range, coming up from the south, swings around 
eastward in a great curve, commencing at Mount Tom, and from: Mount 
Holyoke on runs eastward to its end, and the great trap sheet which 
makes its strength is so placed as to present the maximum resistance to 
the ice moving from the north and northwest—that is, it dips every- 
where as a continuous sheet from the crest of the ridge southward where 
the chain runs east and west, and as the ridge swings round to run south- 
ward the dip of the sheet swings round to the east. It received the 
pressure of the ice, then, as a log set to brace a falling building receives 
its weight. The ice, lifting over this sharp obstruction set right athwart 
its course, wore into it with great severity, and by its recoil as it raised 
its mass over the opposing range wore to a very exceptional depth in the 
area just in front of the latter, which had been filled with the soft sand- 
stone, forming the broad, deep furrow which runs along the northern and 
western base of the range, beneath the Easthampton, Northampton, and 
Hadley meadows, and in the southern part of Amherst, in which furrow 
the three deep north-south depressions I have described above ended.’ 


1The table-mountain form of Sugar Loaf is probably due to a capping of trap from the southward 
projection of the Deertield trap sheet, which endured to near the close of the Glacial period. Itis called 
an ‘‘ Eddy Peak” by Prof. J. D. Whitney (1888); see bibliography in Chapter XXIII. 

2Tt is an interesting fact that a line at the north foot of the east end of the Holyoke range 
forms a boundary north of which granite bowlders are abundant in the till, while south of this line 
they are rare. This is because the ice mass was greatly shattered as it lifted over the ridge, drop- 
ping its bowlders, while it eroded strongly on the crest; or it may represent the closing period when 
the ice wore over the Leverett granite and halted at the north foot of the Holyoke range. 


s 
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It would be tedious to detail all the observations upon which this descrip- 
tion of the present surface of the rocky substratum of the valley is based. 
One may trace on the map the crystalline rocks emerging from below the 
sandstones of Mount Toby and appearing at the surface in scattered out- 
crops southward to South Amherst, and the same thing may be seen, 
though less clearly, south of Mount Warner. At East street a well 50 
feet below the lowest ground there failed to reach the ledge, and at the 
Northampton bridge piles were driven in the clays 110 feet below low 
water of the river without reaching bottom. 

The most remarkable effect upon the present contour of the basin of 
this general erosion of the ice was in excavating hollows so deep and capa- 
cious that—especially where they lay aside from the direct line of the cur- 
rents of the floods in the subsequent period—they have remained only 
partially filled to the present time, notably in the case of the East street val- 
ley and the southern part of the middle depression, which lies west of the 
village of South Amherst. } 

South of the Holyoke range the protecting influence of the ridge is as 
plainly seen as its agency in reenforcing the power of the ice on its north 
and west, and the sandstones stand much higher and appear abundantly 
above the surface of the later deposits and doubtless make a continuous 
substratum for the latter, while north and west, I imagine, the erosion 
over much of the deeply covered area must have cut down through the 
sandstones to the crystalline rocks below. 

The low rock-floored valley bottom, everywhere nearly at and often 
much below the present river level, stretching across from the Pelham Hills 
to the western line of Northampton and broken only by the Amherst ridge 
and Mount Warner, not only sent a lobe southwardly through Easthampton, 
but another of exceptional depth up through the Deerfield Valley to the 
north line of that town, which was continued still farther north in a strange, 
narrow depression running up the west side of Greenfield and ending 
abruptly at its north line—a depression which was left unfilled in Cham- 
plain time. 

North of Mount Toby the Montague basin would be also largely 
increased toward the north by the removal of the drift. The immense 
sand desert between Millers Falls and Turners Falls and all the hills 
except one that rise above it would be removed, leaving a great depression, 
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much of it below the present river level, with an old bed of the Connect- 
icut running down its middle and extending north from Millers Falls to 
the State line with considerable increase of width. And the removal of 
the great swarm of drumlins which crowd the area west of the river 
in the northern portion of its course would materially affect the contours 
in Gill and Bernardston. 

On the higher ground west of the valley the removal of the loose 
deposits would not so materially affect the surface except in the extreme 
west of Hampden County, and especially in Blandford, where over broad 
areas the till reaches great thickness and rises in drumlins of the first 
magnitude. 

Kast of the Connecticut Valley the same remark holds, except for 
eastern Hampden and southeastern Hampshire, where the removal of the 
heavy sands of the great series of Glacial lakes described beyond would 
greatly modify the surface and would probably show the deep Greenwich- 
Enfield Valley to be continuous across Ware and thence, via the Beaver 
Brook and Ware River, to Thorndike, and thence straight south to Palmer 
station and on through the deep Monson Valley and the marrow gorge of 
the Willimantic to the sea. (See map, Pl. XXXV.) The Ware River also 
seems then to have run directly south to Palmer to join the Swift River. 

This basin stretching from Orange south across the State to its south 
line at Monson is peculiar in many ways. It is underlain by the Monson 
gneiss and widens and narrows with the width of this rock. While the 
broad band of this same rock which lies next west of this forms high 
ground, this forms a deep flat-bottomed valley, in the center of which rise 
high, isolated, dome-shaped hills of gneiss, which may have been preserved 
by a capping of the same quartz schists which form the high walls of the 
basin. The whole basin seems to be the result of deep disintegration of 
the gneiss. 
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GLACIAL GROOVES AND STRIA. 
(See map, Pl. XI, page 510.) 


List of glacial grooves and strie in Franklin, Hampshire, and Hampden counties ; 
bearings corrected. 


[E. H.=E. Hitchcock, Geology of Massachusetts, 1841, p. 387; Report on Certain Points in the Geology of Massachu- 


setts, 1853, House Doc. No. 39, pp. 34-44. B. K. E.=the present author. ] 


i a8: ia 7 
Locality. Rock. Direction. Remarks. Authority. 
FRANKLIN COUNTY. 

Rowe; near meetinghouse and in west | Sericite-schist....| S.8° E...-. Sometimes 2 to 12 inches | E.H. 
part. wide and several deep. 

Rowe; near meetinghouse....-....------|.---- (Me Ssgeanosce- S. 29 W....| Sometimes on a slope of | E. H. 
10° southerly and a still 
greater northerly slope. 

Rowe; north part, road to Whitingham, |---.- (GO) osteopsecces SES ioe Sosa ated jes geo Sk ceactadoEs E. H. 
Vt.; spot nearly as high as Hoosac | | 
Mountain. ) | 

S. 22° W .. 

Heaths west parkiecue es. cee aid oa eRe §. 28° W ...|(The last but one cuts the | B. K.E. 
S. 14° W .. last. 
S..55° Wi 

Heath; near center, high land....-....-- | Mica-schist .....-. So scs PSQUONE Seems seca ae EK. H. 
8. 30° E... 

Charlemont Village ccs et. eciscices= ee < oc. Sericite - chlorite- |}S.20°H....\( B.K.E 

schist. S. 15° B.... b das 

§. 10° He 

Shelburne; northwest part, high hill....| Mica schist......- 5 SO ae wal stacuns ceaseless ee eee emenesee E. H. 

Bernardston; Williams farm.........-.-. Quartzite 

Northfield; Gill station...............-.. Geiss: Aco<eoseae 

Northfield; west side of river near Hon. | Hornblende rock-.| S. 8° E.....|.......--- alee alesis cea enyes E. H. 

8. C. Allen’s. 

Northfield; where ferry road crosses rail- | Sandstone .....--. Se GOW ss ccllisccep cioiewbrle opto sales emia els wie crac B.K.E 
road. 

Northfield; north part of village........|..... do'.idcseccees S10 20 W. laos ces seccins saceuicgoinnince sce se B.K. E. 

Northfield; porth of commencement of SU102 Wr Sea sc cceenceeeeame Ceaaaeoeeere B. K. E. 
road in Big Meadow. 

Northfield; Beers Plain..........-...... Si LOW cactovenicsore scans: Sos cceamenee B. K. E 

Northfield; on Strowbridge Hill......... S. 20° W..-.) Troughs 1 to 2 feet wide....| B. K. E. 

Northfield; southern part of village..... Conglomerate. .... Sd Oe DIBCNGE ere see ales em ataTe) rorslorete E. H. 

Ashfield; on north road to Goshen, on | Mica-schist....... Brecese Sino walnosoe Rises eteiebewin ce stcwiew stalsitiele B.K. E. 
hill northeast of school. 

N.='8 5.22: 

Ashfield; G. B. Hall, east of Ashfield | Conway schist... : 10° W... pees Pm yorden ai BE 6 (eka 
plains. S, 30° B...- newest above. 

Ashficld; east of Howsville.............|.-.-- dots oes 8.5° E..... ee valley among rugged | B. K. E. 

§.20°W .../) hills—first entry newer. 

Ashfield; south of South Ashfield.......)..-.. GOissm. jasaecea $2400 Wo Scale rote aeaue seas seems B.K. E. 

Greenfield; opposite S. Bullard’s........ Sandstone ..-....- S$. 30° W ...| Grooves 4 inches wide..--..- B. K. E. 

Greenfield; low down on the trap east of | Trap............-- S..59- Wisi clo ssisistetrtomrtate's cacinesectewieeamicls B. K. E. 
Poets Seat. 

Greenfield ; new road to:Gill........-....|---.- Olssees.)- secre S550 W Skclis scleee meee apieieesaccmeaeaems B. K. E. 

Greenfield; 200 feet north of the west |..-... GOs atace css. 8 S809" W scl cit eeceereme ces eseetecteer ess B.K. E. 
end of this road. 

Greenfield; road down to Riverside...... Sandstone ......-. bisieikjou ois 2 

UNE rnpe rah a Been ced nce aeiieds hactid doer sek | $.25° E.... 


GLACIAL STRLA. 


List of glacial grooves and stric, ete.—Continued. 


Locality. 


FRANKLIN COUNTY—continued. 


Greenfield; southofC. andJ.S. Newton's. 
Greentield; road to Beech Hill 


Greenfield; north part of Federal street. 

Greenfield; west of factory village 

Greenfield; one-half mile northeast of 
center. 

Greenfield; near mouth of Mill Brook... 

Gill; school south of center 

Gill; 14 miles north of Lily Pond 

Gall; northwest of factory village 

Erving; under Dressers Mountain on 
south. 

Warwick; southeast near iron-ore beds. - 


New Salem; 200 rods south of academy. 


Warwick; near meetinghouse 

Deerfield; south end of trap nearest to 
river. 

Deerfield; mouth of gorge of Deerfield 
River. 

Deerfield; southeast part 

Deerfield ; northwest part 

Deerfield; gorge of Deerfield River in 
trap range. 

Deerfield; at west entrance of above gorge 

Montague; southwest corner 

Montague; south part 


Greenfield ; north edge of city, S.J. Lyons 


Montague; road upto Turners Falls from 
lower suspension bridge. 

Sunderland; north bend of north wood 
road onto Mount Toby. 

Sunderland; north part, near cave 

Sunderland; northwest of cave 


HAMPSHIRE COUNTY. 


Plainfield; south of S. Barton’s 

Plainfield; northwest corner..........-.- 

Cummington ; northwest corner, south of 
Deer Hill. 


Cummington, School No. 10 


Cummington end of blind road at I. 
Farling’s. 

Goshen; southeast part, deserted road 
west of Hubbard's ledge. 
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sy 
Rock. Direction. Remarks. Authority. 
Sandstone ....-..- S8008t Wireless eece ccc scene ccewasacoes B.K.E 
-| Strie and grooves 3 feet | B.K.E. | 
wide, 8 inches deep. 
saene dO tps ease SrS> Hesse) VeELy CistinGt. ..c-n..0s-s--1)) By, EL. 
erasers Oversee eee COS WW ae «| egelains.cens's\e'o oc ecm sic aaiaiiceaicas|' 5, K. BE. 
Sandstone ........ Shield Oreanes WIETY MISUIREGH ce. smn1n statatse'e E. H. 
cian LO Meera sais OLD ON Viele=|\elsicfotsicll sc ceieweaicisvcencces=eees|| Bs Ke BD 
Conglomerate. . --. Sh CDSN ce5| CaaS cCGAS aaa Boe ee Seer Bra S381 Sa 3 
Sanne CLO veteerea te teatel MOL DUO MWe sictllixais Heals neiaicianiecn aelt eae c see's aoe | By ke Ee 
Sandstone ..-...... SPAS! A/S oat ee ee BK. E 
Gneissseseec se §.40° E....| In Millers River Valley out | B. K.E 
of Connecticut Valley. 
Mica-schist ....... 8.13° E....| Sometimes several feet wide | E. H. | 
and a foot deep. 
SARS | 
aa CR ah ta ‘Ss a a on high ground....-... mae B. K. EB. 
Hora blend e-sehistiy S.dd2 Whe.) 5 o..< scare calsssacse-se-setence E. H. 
Ena Detects este eles $.10° W...| East slope of Deerfield | B.K.E. 
| Mountain. | 
Sandstone ........ §.15° W...| In the Connecticut Valley..| B. K. E. 
Conglomerate. .-.- E. H. 
Mica-schist ...-..- r E. i. 
NORD ssoc5cuaeDes Hiteeiesiviets 2 =1= Finely preserved ...-....... ‘B.K. E. 
Sandstone ........ fo) Seen SaSetl a ROAR EEC OB MCSR Ema Eras B.K.E. 
Conglomerate... ... Dele Weer leaee <Oser er cisccise-isccesise<sa—e B.K. E. 
saan COleeeseeetae = |saGo eran es Wel PCQUMEN ts ccc<isci- eo sss 5 =)\) ns EL, 
§.15° E....| Strie running up hillside 45°. 
Sandstone ........ S.5° W....| Groove 2 feet wide .......-.. B.K.E, 
§.20° W...| Groove 5 feet wide, rising |) 
slightly. 
Sone Occ ia Aadoad pS EUS. \ Wise Be oreo Ce ee eee eee Me od «ea OF | 
}Conglomerate soocr ce pon? \ Bp esemeesesiicmcaacss seeeceesles Bok... | 
S.10° E.... 
Mey OMe emirates Mor Og Witenes mee estate sacs. con ke csteces| Jo, EL, 
awcoie alah waieele's srslars Sr 10 Om Wietael ersiapiswisisminic sirei= fxs be sec vessel) Bs KK, E, 
Sericite-schist ....| $.35° E.-.. 
Amphibolite...... S.35° E.... 
Sericite-schist ..-.} S.60° E....| In bottom of deep valley | B.K.E 
running 8. 60° E. 
§.10° EH... 
Conway schist.... e PANO De Popeeee atmo nee da eletajee aes B.K. E 
: 8. 45° E.... 
Pah 4 Dos aaoe Hlessiefal\ Meee eee ot uceuaecd B.K.E 
\Sericite-schist aeee { Guise gal, \ 
Mica-schist ......- Ree BeICARe Moutonné over a broad sur- | B. K. E 
face. 
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List of glacial grooves and strie, etc.—Continued. 


Locality. Rock. Direction. Remarks. Authority. 
HAMPSHIRE COUNTY—continned. i 

Goshen; farther south........----..-.--- Mica-schist -.-.--..-. §.'76° W...| Both follow direction of val- | B. K. E. 

Worthington; west part......-.-.------- Sericite-schist ....| S$. 22° E.... 

Worthington; west part, road to Middle- |..... (icc sponahbas SA) 42a Oe 
field. 

Worthington Center: <. 2c -o.s-cleameee eile teats Ove wisers cic a= Pont (088 URE og eeroncoeencriocsccaca ssccsnco 

Worthington; Stephens’s mills.-...-.--.|---.- (isesepcoecces S502 Bee alieeecewe 

Worthington; 1 milenorthwest of center.|..... CD GHOABEA ESB be S.G50H 2 52|G- oe on cache aoc sae earicet 

Worthington; first crossroads west of |..... CO CeRapES ass PAC SiO Vis 5 PE 
center. 

Worthington Center. --....0 6 cccscceessce|soc0- AD ie osts celsisieaae 8.590 Wis) Sacco ccs ricmsesosacascessses se B. K. E. 

Amherst; northeastspur of Mount War- | Gneiss............ 6. 15S RE scat aoe neaaeeeeatcber aces es B. K. E. 
ner. 

Amherst; roadside one-half mile north |..... Ole. Seescee wee WIN BOD Wise oleracea tone daicioae antiemicaeerin ses B. K. E. 
of the site of President Clark’s house. 

Amherst; northeast of center........--. Granite... 2.ccccen 5. BOO ho Os ctacae ces kwaienien shen anew enee B. K. E. 

| Pelham; westslope of ridge 1 mile north | Gneiss.........-.- Se Wik Mac chenee<ceaaeaeaeewert eoicae aes B.K. E. 

of Hygeia. 

Middlefield; near meetinghouse.......-. Sericite-schist: 22) S..220 eso. |e sees anise eee ee pterne sete E, H. 

Middlefield; one-half mile south.........|..... GO \scasecees cies Sis ieekc wes] seciac eyewear een a cs enema toe B. K. E. 

Middlefield; east part, near soapstone !..... G0} SsFeene cee ae Biseewbccceats doparane te ee Reais een ee E. H. 
quarries. | 

Northampton; high upon road to Eyrie | Arkose ......-.. Bol SACP NS Se SAScensncedocracocosscy ins oen B. K. E. 
House; Mount Nonotuck. 

Northampton; southwest corner Kings- | Granite........... Dice ateaietasiss Stoss side observed......... EK. H. 
ley’s mill. 

Northampton; at Eyrie House on top of | Trap.-......-.----.. Pigmeswanwea scene scieeearasase sacmeeaeniners ocd B.K.E. 
the mountain. | 

Northampton; below Smiths Ferry bird- | Sandstone....-.... SB. 25030. ce stccccmns cece caeeeee seme Eee B.K.E. 
track locality. 

Northampton; 1 mile south of mountain, | Trap....... mists ak SHOOS WEN Aiea aa ae aera erence tesa te cteaenaine B. K. E. 
125 rods northwest of where road to 
Westfield branches. 

Hadley; second peak west of Gap road..|.-... G0 cosas eee ieee onsets Groove 2 feet wide, 4inches | B. K. E. 

deep. 

Hadley; same peak, west fore knob ...-..)..... G02. sawed Warren ae 14 feet wide ..--.....-..----- 

Hadley; same peak west of this and 40 |..... OO) s.saseceemee GS) seve se caus ncemuaess ss lets teoece weeecor 
feet lower, straight pass 15 feet wide, | 
wholly smoothed and scratched. | 

Hadley; Mount Holyoke House......-..|..... OO Vested aloe mee 

Granby; mouth of forge pond 

Granby; north part --2-.... 36-6 ..622-- 

Granby ; Moody Corners.....-.-...--.--. 

Southampton; south of center... ..<.-.2).225-00 2.00. sce~s 

Southampton; east of village..-......-.-. Conglomerate... ... 

Easthampton; Mount Tom...-...-...---.. rap! s..2 se-<s2ehe 

Easthampton; quarry, west shoulder of | Conglomerate..... 
Mount Tom. 

Holyoke; south of Mount Tom..-......-. Sandstone ......-. alisha Sialals <talelsieis mites seistsee aisiereias 

Belchertown; 42° 20’, 72° 25/............- Tonalite.....i--<s2.|) N/80°U 3A. ae eee eoscane cuisee = cuasmce 
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Locality. Rock. Direction. Remarks. Authority. 
HAMPDEN COUNTY. 
Chester; top of Round and of Gobble } Emery..-.-..-.-.- 8.89 H?..... Deeply grooved and | C.U.Shep- 
hills. smoothed. ard. 
Blandford; one-half mile north of meet- | Sericite-schist ....| S.8° EH ?....|....-..2.2-.2--.22..2-2.-.----| E. H. 
inghouse. 
Blandford; North street, north of meet- |..-.. GOmececstaceatas DOS Hiemeleacms Aadaic <siaviceiina cise Seeeane B.K.E 
inghouse. | 
Blandford; North street, Dug Hill.......|----- GOV secede-ne-7 Cnc A Cae ete ee eer | B.K.E 
Blandford; North street, farther north, |.-..-. (he) qaeceeioecc ce peo AVON et tee. ewes acs sae eeee ea B: K. E 
| crotch in road. 
Blandford ; North street, near north line.) ---- Oar cient 5. 40° E....| Beautiful deep flutings, 8to | B. K. E 
18 inches across. 
Westfield; southwest from Cowle’s | Sandstone ......-. 8.739 W...| (Drumlins here run south. | E. H. | 
quarry, south of mouth of gorge of B. K. E.) 
Little River. 
Westfield ;-west of village..............- Conglomerates pas sis00°) W acl icena Peco sec feb tewiansdescen B.K.E 
Westfield; road to Holyoke.-......--.---| Trap..-..,----.--- SESO CMM Seta ra ass nduaisat ne seat decease tials B.K.E 
Westfield; south of West Farms.......-. Sandstone ......-.. Sp PEO SG DAOOR BBE ee OAS | eam ees KE. H. | 
Palmer; north of C. Kalliher’s........... Hornblende-schisti\ iS, 40° We sce. i. cece cece ccs eecccedae B.K.E 
Tolland; northeast of Noyes Pond......- (COISsekene «sees SbAU2 1h) Sd nea Sse rene seer oe ESE neReeane B.K. E 
Tolland; south of mouth of Noyes Pond.|.--.- Gorseaser cee SMOSH aoa tastes nes cite eccete eos. B.K.E 
Tolland; south of Cranberry Pond .....-.|-.--- Ove ve oemceaans MLO ORM Sree Gia tistels Saisie aces otis s cle aa eat B.K.E 
Granville; middle, 1 mile west of meet- |-.-..- CG hies Soe eaacee aU CORN Memb me cece te ok wadiehce!celacte ts.cice K. H. 
inghouse. 
Granville; north part, mouth of deep | Mica-schist....... S. 60° E....| 630 feet above sea........... E. H. 
gorge in Sodom Mountain opening into 
Connecticut Valley in Southwick, near 
west end, near house of Mrs. Jones, 
Granville; east line, near Munns Brook..|....- GOeeeeeeee.e: §. 62° E....| Thought by Dr. Hitchcock | E. H. 
to have been a local gla- 
: cier. 
Granville; 2 miles northwest of east |...-- 0 Fes sates: 8. 20° E eae Gov eats cen Snenans cea cee EK. H. 
village, Blandford road. 

DO vesee- tes meres wasaa seca was soeeea al scees Oss seee e225. Spey aie (ee al eS Mone ches. tet asec ees E. H. 
Same; little north of above spot.........|..-.- dO. deeeehere ts Ste: 4015 ral $a See ee nee eee ees E. H. 
Russell; south of Salmon Falls Mills....|..-.. AO fee mte meets N.80°E.. .| Thought by Dr. Hitchcock | E.H. 

to have been a local gla- 
cier. 
Russell; up brook trom falls............./....- doiss-cee eee Si 8000 We iles2s2 OER eee bas asec sn eeae E.H. 
Russell; southwest, north bank Little |..... (RS Cone eaone Seis Hie te wie ellcatercteicieletar= x aeieisletiepales'e.sz Sia. niss E. H. 
River, 1,100 feet above sea. 
Russell; southwest, north bank Little |..... ois ese. seems N.80°E.-...| Thought by Dr. Hitchcock | E. H. 
River, at mouth of gorge. to have been a local gla- 
cier. 
Agawam and Suffield, Conn.; one-half | Sandstone ........ fai Ane ot |e oe oo ee ae ee mr Som ce 
mile east of east foot of trap ridge. | 4, 


On the map, PI. XI, p. 510, all the glacial strize tabulated above are 
entered, together with some from the map in the Surface Geology of Presi- 
dent Hitchcock. The latter are transferred as accurately as possible, and 
appear without indication of the divergence from the meridian, as that is not 


1 Surface Geology, Amherst, 1860, pl. 8. 
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given upon the original map. So far as the southern part of the State is 
concerned, this map is the same as the one accompanying the report of 1853, 
cited above; but the strize with abnormal westerly direction, at Kingsley’s 
mills, in the southwest corner of Northampton (southwest of Florence on the 
map of the 18538 report), are omitted from the later map. Hence we may 
suppose that President Hitchcock came to doubt the observation as to the 
stoss side being on the east. I have entered the strize with the probable 
direction—namely, east. 

The map (Pl. XI) is very interesting as a SornaeNs of (1) the general 
direction of the ice across the area under consideration; (2) the simulta- 
neous deflection of the ice at base in the long trough of the Connecticut. 
Valley; (8) minor deflections around prominent obstructions and in gorges, 
also affecting only the base of the great ice sheet; (4) later deflections of 
frontal lobes of the ice by prominent valleys; (5) fanning out of frontal lobes. 

(1) The normal direction is 8. 35-40° E., and this is more regularly 
manifest beyond the confines of the map on the west. 

(2) The influence of the Connecticut Valley in deflecting the ice south- 
ward seems felt for a considerable distance out over the western plateau. 

(3) The southward deflection in the valley is well exhibited and is 
most remarkable on the top of the Holyoke range. 

(4) 'The local influence of the Greenfield and Deerfield trap ridges of 
the Cummington Valley and the Fall River and Deerfield River notches are 
well marked, producing in both the latter cases strie at right angles within 
and without the gorges. The same is seen at both ends of the Mount Tom 
range. 
(5) The curious fanning out of the striz north of Westfield, 8S. 73° W. 
and 8. 60° E., seems to indicate a valley lobe of the ice extending south 
between Mount Tom and Mount Pomeroy to the west, and expanding to 
the south where the valley widens toward Westfield. A similar fanning 
out is indicated in the main Connecticut Valley by the direction S. 50° W. 
in Agawam and Suffield. 

The southwesterly direction above Shelburne Falls and the easterly 
direction down all the valleys opening from the western highlands into the 
main valley were due to later lobes in the retreating ice front. 

The most remarkable grooving and fluting is found along the whole 
crest of the Holyoke range on the hard trap. Near the Prospect House, 
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on Mount Holyoke, are some of the most remarkable grooves I have 
seen. One northeast of the house, between the two iron boundary posts, 
is at the north end 2 feet wide and shallow, at the south end 1 foot wide 
and 8 inches deep. Several other grooves almost equally marked occur 
near this. Their direction is 8. 2° E. 

A curious groove (fig. 29) comes out from under the house on the 
southwest side and runs in a southwesterly direction. This is exposed best 
in the bottom of an unused reservoir, and can be traced for a length of 
12 feet. It is about 24 feet wide by 10 inches deep, the greatest depth 
being at the east side, which is overhanging, being fluted regularly like a 
letter S. This seems to me to have been caused possibly by water run- 
ning beneath the ice and to be a true “lapiaz,” as they occur beneath the 
ice of the Alpine glaciers. It 
must, then, have been polished 
by the ice at a later time. 

High up on the road to the 
Kyrie. House, on Mount Nono- 
tuck, deep strize run 8. 22° W., 
deflected westward in the direc- 
tion of the Easthampton valley, 
while on the summit above broad, Fie. 29.—Glacial groove Nea ec Prospect House, 
deep grooves abound, . running 
north and south. South of the Holyoke range, at Smiths Ferry, the 
strie run §. 25° W., on trap. At Batterson’s sandstone quarry, south of 
Mount Holyoke, at E. H. Lyman’s house, the fine-grained sandstone is 
grooved and fluted and scratched most beautifully over a broad surface 
(see Pl. X, p. 488). The ice met the vertical and overhanging face of the 
sandstone and fitted itself so exactly to it that scratches and polishing occur 
on surfaces placed at all angles to the horizon, even upon the under side of 
projecting ridges. In the vertical westward-facing wall the basset edges of 
the horizontal sandstone beds are polished like glass, and one thin, softer, 
shaly bed is cut in deeply to form a long groove 104 inches deep and only 
3 inches wide at the mouth, but polished to the bottom, where it is but a 
half inch wide. The direction of the scratches is here very irregular, going 
to all points both in altitude and azimuth. The prevalent direction, how-— 
ever, over the broader, flatter surfaces is south. 


Ss 
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I hardly need call attention to the magnitude and the peculiar char- 
acter of the force which has done this work, grinding down all the pebbles 
of a conglomerate, hard and soft alike, to a common level, as can be well 
seen on the road which goes over the north shoulder of Mount Toby just 
after leaving the Sunderland road, and cutting grooves in the trap, a rock 
so tough that one rarely attempts to drill a hole in it, preferring, when it 
is necessary to remove it, to do the work by building fires upon it and 
drenching the rock with water, by which means it is crumbled and slowly 
removed. ‘Two men anda holder drill only 8 feet a day in trap. These 
grooves are of all dimensions, ranging from fine lines, visible only in 
oblique light with a lens, to broad troughs. 

Even more striking is the polishing of the surface of the great emery } 
vein in Chester, which for a distance of several rods near the summit of each 
mountain has been deeply grooved and polished by glacial action. That 
the friction producing this effect must have been enormous is apparent from 
the size and depth of the channels, and that it could not have been the 
result of running water is demonstrated by recurring to the example of 
river action in the Westfield River upon another portion of the same bed, 
where we have an eroded, pitted surface from which the coarse crystalline 
particles of the hard emery are left projecting.’ 

Another point deserving, perhaps, further consideration here is the 
great degree of irregularity in the direction of the striz, since these give 
accurately the direction of the motion of the ice at the time they were 
made. For many of these differences of direction we may assume, as above, 
(p. 526) that they were variations in the direction of the motion of the ice 
at different times. For most we must assume that the great ice sheet was 
affected by the greater irregularities of the bottom over which it flowed, 
just as—to use the illustration given by Prof. J. D. Dana (to whom we owe 
this explanation and its application to the anomalous north-south direction 
of the ice in the Connecticut Valley)—a mass of pitch flowing down an 
inclined board upon which strips had been nailed at various angles to 
the line of inclination would in its under parts be deflected behind the 
strips and flow in the direction of the grooves thus produced. Ice, in short, 
though moving with extreme slowness, comports itself like a fluid and 
obeys the laws of hydraulics. Thus the line of motion for the great 


EC Us Shepard, Report on Chester Emery Mine, p. 5. 
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mass of the ice over Hampshire County was 8S. 35° E., while the 
lowest portions in the broad depression of the Connecticut Valley moved 
with that valley from north to south, and even west of south along the 
Mount Tom range. While this explanation is surrounded with difficulties, 
it does explain in a very satisfactory way many peculiarities of the character 
and distribution of the till in the valley, as will be made clear in the next 
sections. 
GLACIAL NOTCHES. 


Another remarkable series of phenomena, which we may possibly refer, 
in whole or part, to the direct action of the ice upon the rocky floor over 
which it moved, is to be found in the succession of notches of varying depth 
which cut the Holyoke chain transversely in its east-west portion and 
give it the appearance of a sierra in miniature. One of these cuts the 
ridge to its base, forming the notch through which the river flows. Two 
cut down deep into the heart of the mountain, forming low cols, 
through the western of which the road runs.‘ Others are shallower, and 
one may find a quite complete series connecting them with the ordi- 
nary glacial grooves and scratches. The larger notches are themselves 
scratched and polished, and the direction of the scratches coincides with 
the axis of the notches themselves. 

Another circumstance harmonizes with the idea that they were formed 
by a force like that of moving ice, the direction of whose action was in great 
degree independent of the relative hardness and, direction of the ridge. 
The Holyoke range lies like a blowpipe with the mouthpiece pointing south 
and the point directed east. So long as the chain runs east and west the 
grooves cross.it at right angles, running, as did the ice in the valley, north 
and south, while as the ridge swings round from west to south the succeeding 
notches run parallel to the first and cut the chain more and more obliquely 
until the last coincides with the southward prolongation of the mountain 
and splits it; and one looking at the trap from the west—in Southampton 
or Easthampton, for instance—sees the almost vertical cliff of trap bounded 
above by a line which deviates little from horizontality, instead of the 
serrate sky line of the Holyoke range proper as seen from Amherst. 


1This used to be called the East Crack, the deep notch just east of the Holyoke Mountain House 
being known as the West Crack, and there was once a road through this also; and the deepest depres- 
sion between these was the Low Place. 


MON XXIX——34 


530 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


This rule is not without exceptions, since the pass which separates 
Mount Tom from the next peak trends a little north of east, and the next 
passage north trends east and west. President Hitchcock argued as follows 
concerning the matter:* 

If these notches had been determined by anything in direct relation with the 
trap of the mountain, the most probable cause would have been a fissuring of the 
bed of trap during its upheaval, and as this fissuring would have occurred most 
naturally at right angles to the axis of the chain, the fissures would have con- 


verged ona point south of the mountain, somewhere about the northwest corner of 
Ludlow. 


So he concluded that if the first notches he noticed (those cutting at 
right angles) were caused by fissuring, those farther west would be also 
at right angles to the chain there 
and parallel with the dip there; 
and when he found this was not 
the case, he explained them as a 
strange result of the great north- 
ern diluvial current which did 
duty then in place of the ice cur- 
rent of more modern theories.’ 

The larger notches seem to 
have been caused by the system 
of faults which cut the range, 
and to have been enlarged by 
pre-Glacial streams (see Pl. XI, 


/2FT F 
Fic. 30.—East slope of a large glaciated groove behind the bowl- p. 510) in case of two or three 


ing alley on Mount Holyoke. ' 
‘ of the deeper ones. Where, as is 


often the case, these faults fail to run north and south, the notches may 
have been remodeled by the ice and given a new direction, and the great » 
number of smaller notches, all parallel with the direction of the ice, do 
not seem explicable as a result of water action, but rather as the work of 
the ice acting on the irregular rim of the trap sheet, which emphasized 
irregularities where this rim ran athwart the course of the ice, as in the 
Holyoke range, and smoothed them down where the rim ran with the 
ice, as in Mount Tom. 


1 Geology of Massachusetts, 1841, p. 389. 
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Thus if, after examining the marked grooves under and north of the 
Prospect House on Mount Holyoke, one goes a few rods east to the groove, 
about 12 feet deep and of equal width, just behind the bowling alley (see fig. 
30), one will find it hard to draw the line between them. And if, after exam- 
ining the grooves and striz on the second peak west of the notch, one g0es 
down west into the deep groove about 40 feet across, the similarity in direc- 
tion and shape will be found very striking; and such cases are quite common. 


PSEUDO-GLACIAL STRLZ ON DEVONIAN ARGILLITES. 


While examining the garnetiferous mica-schists at Purple’s quarry, in 
the east part of Bernardston, I was attracted by a peculiar striation which 
occurred upon a broad, flat cleavage surface of the nearly horizontal slates 
and continued beneath the superincumbent beds. The surface in question 
was just at the north edge of the water which fills the abandoned quarry, 
and was certainly in place and undisturbed, and I raised the slates which 
rested upon it and followed the striation beneath for a foot or more inward 
without seeing anything which suggested to me that these upper layers 
were not also in place and undisturbed. , 

Clear impressed lines, from those so fine as to be seen only with a 
lens up to those a millimeter in diameter, covered the broad, flat surface— 
in average about an inch apart—the larger showing a delicate longitudinal 
striation. ‘These grooves vary in length between quite wide limits—1 to 6 
inches. ‘The larger number are straight, or nearly so; very many form 
easy open curves, single or double. Over most of the surface two distinct 
systems, making an angle of 40° with each other, were apparent, the one 
having the longer and finer lines and most of the long curving lines, the 
other being somewhat broader, shorter, and more rigidly parallel and 
straight. Their length varied very little from an inch, and they were often 
slightly gouged out at the end. On putting several parts together, so as to 
get a broad surface, the finer lines of the first system are seen to bend and 
continue in the second system. 

The whole impression was quite like that of the rain-marks on a car 
window before and after starting. Faint traces of a third system at right 
angles to the first are also present. The direction in the rock was not taken, 
as the marks were supposed to be of mineral or organic origin; many of 
them strikingly resemble in size, curvature, etc., impressions of Graptolithus 
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minutus. A suggestion of long needles of hornblende or chiastolite also 
occurred. 

On further examination the minute garnets on the surface were found to 
be polished down and scratched like the rest. At one portion of the surface 
unmistakable glacial strize were found adjoining the problematical grooves. 
That the marks were formed by movement of an upper layer of the slate on 
the underlying ledge seemed clear, and that the garnets fixed in the bottom 
of the upper moving stratum furnished the grooving tools. The change 
in the direction was caused by a change in the direction of the moving 
mags, some portion of the bottom becoming fixed and forming a pivot 
around which the rest revolved. That the mass was moved only a slight 
distance from its original position was also clear. Whether this motion 
was caused by glacial ice, by the expansion and contraction of the rock, 
or by earthquake action, I can not decide. 


POT-HOLES. 


President Hitchcock notes: the absence of pot-holes among the results 

of the diluvial currents which were supposed to have originated the till and 
the glacial stri, and concludes therefrom that these phenomena were not 
the work of rivers but of widespread currents without falls of much magni- 
tude. He describes later a great seriés of pot-holes west of Shelburne Falls, 
on the road to Charlemont, in an old bed of the Deerfield River, 85 feet 
above the present stream, which may have belonged to a pre-Glacial bed of 
- the river or may be of Glacial age. 
Pot-holes occur, of course, along the channel of the Connecticut and 
- its tributaries, in the former especially below its falls in the canyon formed 
by their recession, in the latter on the bottoms of the deep gorges they 
have cut through the crystalline rocks. 

Striking illustrations are to be seen in the Westfield River, at the 
Crescent Paper Mills, in the extreme north of Russell. Just below Russell 
station also a great dike of granite formerly obstructed the stream, but has 
been cut through, and here are many pot-holes. One interesting one was 
half removed as the stream cut down its bed, and the remaining half is 
still to be seen in the wall, about 10 feet above the water. It is regularly 
urn-shaped, with bent constricted neck, and is about 6} feet deep. 


1Final Report, 1841, p. 392. 
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By far the finest development of river pot-holes is in the almost inac- 
cessible canyon of the south branch of Westfield River, one of which is 
25 feet deep and 20 by 10 feet at the mouth. They exist abundantly 
along the course of Deerfield River, in many cases high above the present 
level of the river, as noted by President Hitchcock. I counted more than 
50 on a single reef of sandstone which projects into Deerfield River at the 
most northerly point reached by the stream before it turns toward its 
notch in the trap range. One is found by the road to the south side of 
Catamount Hill, in Colerain, 2 feet deep and 14 feet wide. 

The only pot-hole, however, which I can without hesitation assign to the 
Glacial period I found by the roadside under the steep southern face of 
Sugar Loaf, in South Deerfield. It is in red sandstone at a point 130 feet 
above sea, and is 2 feet deep and 2 feet wide. From its position it must 
have been formed during some phase of the Glacial period, as it lies apart 
from any probable stream bed, and the surface of the sandstone around it 
is striated. I have surmised that these usual accompaniments of glacial 
action, which we should especially expect to find in so irregular a region, 
may have been many times formed and again eroded and destroyed by the 
ice, and that this may be the origin of many of the spherical, ovoid, and 
flat-ellipsoidal pebbles of quartz which occur here in considerable numbers 
in the true till and which agree quite exactly in form with the polishing 
stones of a pot-hole. However, they may belong to a coarse-pebble beach 
of inter-Glacial age, synchronous with the pink sands described below. 


THE TILL. 


INTRODUCTION. 


Pure ice moving over the country would by its thrust tear off project- 
ing portions of the subjacent ledges, but could not alone polish and scratch 
the rocks as we find them now. The agents of this work were the stones 
themselves, which, torn from their places and frozen in the ice, trans- 
formed it into an immense rasp and increased its eroding power many fold. 
By the melting and freezing of the lower surface and by the slow intestinal 
motion, as well as by the sudden fissuring of the mass, its lower portion 
would become filled with a large and varying quantity of loose, rocky 
material. 

Also, where, by secular decomposition, as indicated on page 374, the 
rocks had become softened to great depth, the whole, soaked with water, 
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might be frozen into a solid mass, and the snows gathering on this, it might 
with little change become the base of the glacier and be moved on bodily 
Much of the same material was pushed along beneath the ice, its parts 
crushed and ground against each other, whereby all the softer rocks were 
soon reduced to an impalpable mud, the larger and the harder ones 
enduring longer, but all at last yielding to the same fate, unless, worked 
up into the ice itself or gathered in thick accumulations beneath it, they 
were shielded from the more violent action of its mass. ‘The ice was, 
however, constantly providing itself with new material, and soon wore the 
fragments into the peculiar shapes so characteristic of glacial accumula- 
tions, three- and four-sided forms, with irregular ends more or less elongate 
as the rock was more or less schistose, the sides flat or broadly convex, 
joined by rounded edges and scratched in various directions. 

These peculiar forms, called by the Germans “ dreikantner,’ 
characteristic of the till as graptolites of the Silurian. Thus the ice 
elaborated in immense quantity a peculiar subglacial material of varying 
but always characteristic composition, and spread it with unequal and 
sometimes with very considerable thickness upon the rocky surface. For 
the ice did not everywhere and always rest with its rasping surface upon 
the rock and grind into it without intermission. Over a given surface it 


’ are as 


might wear for a long time continuously, but by this means a new surface 
would be gradually produced, partly by the unequal force of the ice, partly 
from the varying hardness of the rock, and this would react upon the 
ice, producing slight variations in its subordinate currents, transferring its 
intenser action to another area and allowing it to deposit material over 
the first area. At a later time the maximum of eroding power might be 
transferred back to its former position and the accumulation so laboriously 
brought together would be again swept away. In this way one may 
explain some of the cases where the rock surface shows striz in two 
directions, for the local movement of the ice might be somewhat different 
at widely separated times. 

Very commonly the ice heaped up its accumulations in the rear of some 
obstruction in a long ridge projecting from the obstructing rock in the direc- 
tion in which the ice was moving, as the water arranges sands. At other 
places, especially in broad open portions of a valley, the ice molded its fine 
clayey moraine material into massive hills, called drumlins, rounded and 
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elongate in the direction of its motion, like an inverted canoe. These 
one may compare with the bars of a river, and thus complete the almost 
perfect parallel between the two. 

The study of these deposits is very difficult (the hardest problems in 
the geological book are at the beginning and the end) because they often 
blend intricately with succeeding deposits and are largely concealed by 
them, and because they can be successfully studied only in fresh exca- 
vations. In a few days the exposure caves and sinks into a slope which 
often loses all its characteristic peculiarities of the deposit. For this reason 
the following descriptions have reference almost always to fresh exposures, 
and especially where the color or consistency of the bed is discussed the 
reference is to a surface newly opened up and still moist. 

The deposits of the basin which we may refer to the “moraine pro- 
fonde” of the inland ice and which we may believe to have rested beneath 
the ice wholly completed in the form in which we now find them, at a time 
when the ice was so far thinned by melting that it had ceased to advance 
and only awaited its final dissolution, may be divided into three groups of 
only local value, whose differences in structure depend in large degree upon 
their position in the valley or their altitude above it. These are the upland 
drift, the fine valley drift, and the coarse valley drift. 


THE UPLAND DRIFT. 


Using the old word drift (although it has somewhat gone out of 
fashion in late years, and although it contains always some reminiscences of 
earlier theories now wholly abandoned) for the explanation of the phenomena 
with which we are now occupied, we will take the section exposed by the 
ditch for the water main from the west village of Pelham eastward to where 
the Shutesbury road branches off. In this exposure a face 1,300 feet long 
and 5 feet deep, 320 feet above sea, in many places showing the underlying 
rock, was open for study. 

This mass is wholly free from clay or fine sand, and consists in the 
main of fragments of rock of various sizes up to 4 feet on a side, with a 
considerable preponderance of those about 1 foot in diameter. These 
bowlders are almost wholly local—that is, they consist of the ordinary 
Pelham gneiss upon which they rest—with very rarely a fragment of the 
compact trap which occurs a few rods north. 
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A careful search of the material thrown out of the ditch revealed a 
single well-worn bowlder of the Vermont quartzite, and one of an epidotic 
quartz-diorite (tonalite), which may have come across the valley from Hat- 
field, but is more probably derived from the outcrop of the same rock half 
a mile north. All the fragments, with the exception of the far-traveled 
bowlder of quartzite, are quite angular and unworn, and the gneiss ledges 
upon which the deposit rests is jagged and serrate, the rock dipping 25° 
west and being jointed at right angles to the bedding. It is manifest that 
the ice was here not polishing but rudely tearing up the ledge and moving 
onward the fragments, and in several cases great masses could be seen, 3 or 
A feet in diameter, which had been moved but small distances from the ledge 
and could be fitted back into the places from which they had come. A 
coarse sand fills the interstices of the larger fragments and here and there — 
constitutes the greater portion of the mass. The whole is reddish for 2 feet 
down, then bluish or whitish to the bottom. In one place it is blackened 
with carbonaceous material for a rod to a depth of 4 feet, and below this 
blackened area and for several feet on either side it is blue. Here a swale 
crossed the line of the ditch and the decomposing carbonaceous material 
deprived the infiltrating waters of the oxygen, which has over the rest of the 
section peroxidized the iron to a depth of about 2 feet in most places, 
though sometimes the reddening extends below the bottom of the ditch 5 
feet. It is clear that this locality, placed high upon the eastern rim of the 
basin and facing westward into the valley, received the full impact of the 
ice, while the waters moving beneath the latter, produced in part, perhaps, 
by the very friction of the work whose effects we see here so plainly, 
washed out all the finer material into the valley below. 

The above section may be taken as a typical illustration of a deposit 
spread in a broad, irregular, interrupted sheet on the rock over much of 
the elevated country bordering the basin. It is irregular in thickness, dis- 
tribution, and internal structure. Upon broad surfaces of naked rock the 
ice rested and deposited nothing, or in later times atmospheric agencies have 
removed what was laid down. In sheltered places it was heaped up in 
great thickness; in other places it is represented only by scattered bowlders 
resting upon the bare ledges. And when examined as to its internal 
structure it is found to vary greatly in the size of the stones constituting 
the mass and in the proportion of far-traveled bowlders entering into its 
composition. All around the valley the line of the highest lake terrace is 
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quite distinctly traceable as the lower limit of continuous forest growth. 
The Florence plain on the west, the Long plain in Leverett on the east, 
and the Bay road on the south mark this level in Hampshire County, the 
Springfield and Hampden plains in Hampden County, and the Montague 
and Northfield plains in Franklin County. Above this line the surface is 
almost everywhere formed by this deposit, the only exceptions being where 
the bare ledges appear or where it is covered by the heavy sand of the 
Glacial lake beds described further on. It is interesting to see how gen- 
erally around the whole border of the basin the upper limit of the culti- 
vated fields coincides with this purely geological line which I have drawn 
as the upper limit of the later lake deposits of the valley. Above that, 
especially if we make exception of the broad sand reaches in Pelham, 
Shutesbury, and farther south, most of the region is a rocky waste suitable 
only for growing wood or pasturage, although where the deposit is fine 
enough to furnish any earth at all it is a soil of very considerable fertility 
and one not easily exhausted. It is an especially good grass land. 


THE FINE VALLEY DRIFT OF THE EAST SIDE OF THE VALLEY. 


Very unlike the coarse incoherent drift of the uplands is the stratum 
of the same age spread over the bottom of the valley. It has been called 
by various names, as “drift,” “unmodified drift,” “till,” “lower till,” 
“bowlder clay,” ‘“hardpan;” and the last, the common name of the deposit 
over New England, is most characteristic. It is an excessively compact, 
wholly unstratified clay of a somber gray color, always more or less 
sandy, and stuck full of glaciated bowlders, those from 5 to 8 inches in 
length predominating greatly, while of those above a foot in diameter 
very few occur in the many sections of the true lower till which I have 
examined in this. basin. 

When examined under the microscope it is found to contain only a 
very small quantity of true clay or kaolin, the usual product of the decom- 
position of feldspar. It is more properly described as an extremely fine 
rock flour, the sharply angular grains of which are mostly quartz and 
feldspar. And this is easily explicable when we consider its origin—that it 
is produced not by the slow decomposition of the rocks and the sorting 
out of the finer clayey portion by running water, but that it represents the 
finer portion of material produced by the grinding up of rocks largely 
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undecomposed and also largely siliceous. Small pockets of water-washed 
sand occur somewhat rarely, generally as broad sheets less than a foot in 
thickness and dipping often at a high angle. They merge, often with 
various contortions of their layers, into the normal till, and are plainly 
remnants of deposits made by subglacial water seams, which were not 
wholly molded into the common mass by the later work of the glacier. 
The exceeding compactness of the mass is a factor of prime impor- 
tance in any consideration of the origin of the deposit, since it can be 
explained only by assuming it to have been caused by the great weight 
of the ice which rested upon it. For a long time I thought it possible to 
explain this as due to the slow compacting of a mass of loose material of 
various sizes aided by the percolation of water, but when once dug up and 
thrown in heaps it becomes compact again only when dry, as does also 
the Champlain clay, which lies above it. When water-soaked, however, 
it sinks readily into fine mud. When both are in their original position 
and have not been disturbed and are still permeated with water, one can 
easily push a cane several feet into the clay, but could scarcely penetrate 
the till more easily than the sandstone. Where this till is well developed 
a workman will often not remove more than a yard of it in aday. In 
digging the cellar of the Amherst House the attempt was made to split it 
off in blocks by means of large wedges and sledges, but the best steel 
was rapidly blunted, and these were abandoned in favor of powder, and 
the mass was blasted out as if it had been a rock. In digging a well at 
the residence of the late President Clark it was also necessary to blast 
in the same deposit. Masses of the till brought up from a depth of 55 
feet from the well sunk at the first house south of the Amherst College 
grounds, where the whole excavation was in the typical bowlder clay, 
could be trimmed into hand specimens with the hammer while still fresh, 
and broke with a smooth, broad conchoidal fracture, like flint, and pro- 
jecting pebbles would be broken by a blow without being dislodged 
from their places. Near the bridge in Leeds an excavation made several 
years ago exposed a vertical wall 30 to 40 feet high, and it has since 
scarcely crumbled at all. The deep railroad cutting south of Leeds and 
the steep eastern bank of the river at that place are also good examples of 
its durability. It is characteristic of the valley drift no less than of the 
upland drift already described that it is a wholly amorphous and unstrati- 
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fied deposit, and one needs only to examine a fresh exposure of it and see 
how all its parts are thrown together in confusion, without any assorting 
according to the weight and size of the stones—-here a large bowlder 
projecting, there many small ones grouped, and again over broad surfaces 
the dark-gray compacted clay occurring almost free from stones of con- 
siderable size and lacking all signs either in the color or the grain of a 
lamination or an assortment into parallel layers—one needs only to make 
these observations and then for comparison examine the clay banks or sand 
and gravel beds so well exposed in the river banks, remembering that they 
are instructive only in a somewhat fresh exposure, to be convinced that all 
the characteristics of water action—the delicate sorting and arranging, like 
with like, according to size and weight—are here markedly absent, and that 
it is quite impossible to explain the bed as formed in this way. 

If one has reached this conclusion by carefully comparing the two 
formations and has the opportunity to examine many sections of the drift 
where it is a fine sandy clay, he will be almost startled to find isolated 
patches which seem to show a true and delicate lamination—a series of fine, 
horizontal, parallel fissures, a few millimeters apart, usually gently undu- 
lating. At times the undulations of adjoining lines meet at equidistant 
points like a flat-meshed net, or like the cleavage of hornblende, so that the 
clay is separated into a bundle of flat, sharp-edged blades. These lines 
fade away, however, in. all directions into the general formless mags, and 
constitute not a lamination in the technical sense—a result of deposition 
in water—but a pressure cleavage caused by the same force which had 
compacted the whole stratum. The effect of considerable pressure in 
producing cleavage, or a tendency to split at right angles to the direction 
of the force applied, may be seen in a variety of instances, and its recog- 
nition has thrown light upon important problems of geology, such as 
the delicate banding of glacier ice and the smooth splitting of roofing 
slates. Gun-cotton pressed into cakes, or thick pasteboard calendered under 
heavy pressure, may be separated easily into thin layers, and even the 
splitting of a common cracker or the flaking of pastry is a structure pro- 
duced by the pressure of rolling out the dough and developed afterwards in 
the baking. This structure was well seen in the waterworks ditch opposite 
Pheenix Row in Amherst, and in the canyon of Deerfield River through the 
divide range, described in the first section of Chapter XV, p. 509. 
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In another way, though rarely, the till may simulate the bedding of 
sedimentary deposits, where it is thickened into dome-shaped drumlins, and 
it will be seen later on that these are common in the valley. I have once 
or twice seen a rude separation into thick, irregular layers molded into each 
other and distinguishable only in a view of a broad surface at a distance. 
This occurs at the section mentioned at the bridge in Leeds. It would seem 
that the ice pushed one layer after another into the accumulating mass and 
so gradually built it up. 

In the foregoing discussion of the various phenomena of the valley 
drift I have assumed its subglacial origin, though many of the details per- 
haps would fit equally well with the idea that the mass was pushed out 
from the front of the ice as it retreated northward with various oscillations. 
The great compactness of the whole and the pressure cleavage would hardly 


‘Ground moraine IOFEET. 


-G. 31.—Section on the left pants of the Mill River at the hoe factory, Northampton, taken ue the washout of 
1878, which carried the dam away, showing the stri on the surface of sandstone continued on the surface of the till below. 
be explicable upon this assumption, and I have now to describe two sections 
which render it certain that the whole mass is of subglacial formation. 

On the night of December 10, 1878, the Mill River, flooded by the 
very abundant rains and by the breaking away of several dams on its head- 
waters, rose in Northampton toa height greater than on the occasion of the 
flood of May 16, 1874, which caused so great a loss of property and life, 
and was less destructive only because the earlier flood had done its work 
so thoroughly. It carried away the western part of the dam at the hoe 
factory in Northampton and wore deeply into the western bank, exposing 
the section seen in fig. 31. 

The dam had been built on a reef of coarse red sandstone which ran 
diagonally across the stream from northwest to southeast, the stream flowing 
here from north to south, and the section runs in the latter direction. The 
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surface of the sandstone is rounded and retains everywhere the glacial 
scratches perfectly. These are broad, deep grooves, uniformly directed 
S. 30-40° E. On the south side the sandstone was uneven and ended 
abruptly in a nearly vertical wall, against which rested a mass of dark- -oray 
till of stony compactness, the surface of which was‘an exact continuation of 
the broad, convex, striated surface of the sandstone, showing that the ice had 
passed over them both together and planed them down to a common level. 

Again, in changing the grade of the Canal Railroad, near the South 
street bridge in Northampton, a section was exposed where the compact 
stony clay abutted on the east against the red sandstone, continuing the 
curvature of the convex roche moutonnée surface of the sandstone in the 
same way. In each case the drift and the sandstone were covered by 
the Champlain clays in such a way as to show that the exact surface of the 
drift upon which the ice rested had been covered with the clays immediately 
after the disappearance of the latter, a point I have developed more fully in 
discussing the clays and their relation to the valley drift at the beginning of 
Chapter XX. 


THE COARSE VALLEY DRIFT. 


On the west side of the river in Northampton the bay formed by the 
retreat westward of the crystalline rocks is much deeper, the drift accu- 
mulated there is more abundant, and the drumlins are on a larger scale. 
The deposit is, however, much more masked by the later accumulation of 
sand in the flood period, by which the whole surface is brought up to the 
level of the highest terrace. While the deposit is probably the exact 
equivalent of the valley drift already described from the east side of the 
river, | have thought it best to describe it separately, both because it 
occurs in a separate portion of the basin and because it presents several 
points of difference when compared with that. 

While the paste is clayey and well compacted, it is generally much 
coarser, bowlders above a foot in length often making up three-fourths of 
the mass, and masses above 3 or 4 feet in length being in places very 
abundant. ‘The three outcrops already described in the preceding section 
from the west side of the river agree in their fineness and exceeding com- 
pactness with the fine valley drift with which they are associated, and, like 
it, certainly rest directly upon the older rocks. I have not been able to 
ascertain if this was the case with regard to the coarse valley drift here 
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under discussion. The latter differs from the former also in the origin of 
its material. On the east the bowlders, except the abundant far-traveled 
quartzites, are mostly from Mount Toby and the granite south of it. I 
have rarely found a piece of the spangled mica-schist of the great western 
range, although the bowlders of psilomelane and yellow cavernous jasper 
found across Amherst seem certainly to have come from the locality m 
Conway on the northwest. On the west all the rocks to the north and west 
are abundantly represented by large bowlders, and very large masses of the 
Vermont quartzites are also abundant; one taken from near D. Denniston’s 
now adorns the old Whitney homestead, on King street, in Northampton, 
and is about 6 feet in diameter.! I have been inclined to connect the excep- 
tional coarseness and abundance of the subglacial débris gathered here with 
the peculiar direction of motion impressed upon the lower portion of the ice 
by the trend of the great valley. As the ice moved toward the valley from 
the northwest it came upon its western rim well charged with bowlders 
from the area it had crossed, and was below deflected southward by the 
trend of the valley, and still farther deflected to the west of south and 
obstructed by the transverse Holyoke range, and its morainic material was 
gathered in a sort of eddy under the western cliffs or swept southward in 
the valley, and so failed to reach the eastern side of the basin. 


DISTRIBUTION OF THE COARSE VALLEY TILL WEST OF THE RIVER. 


The most northerly exposure of the bowlder clay in the river side is at 
the westernmost point of the great Hadley bend, where the river has worn 
into it, and the bowlders, accumulating upon the shore, have formed a natural 
“riprap” and thrown the current across against the Hadley side, where it 
will in time cut off the point of the bend and leave its present channel. 

This exposure seems to be the northern end of a long ridge or series of 
drumlins which runs in a general way southward across Northampton, 
mostly covered by the later sands. It is exposed on Slough Hill, west of 
the north end of King street, and deeply cut into by the Canal Railroad at 
the Black Pole bridge. Its further prolongation, Round Hill, is a mass- 
ive drumlin. Under the Forbes Library, Smith College, and the asylum 
the bowlder clay rises to the surface and reaches just the same level as the 
surrounding sands which form the level surface of Elm street. These two 
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hills of drift are separated to the depth of the present bed of Mill River, 
as is shown by the height of the bowlder clay in the section at the hoe 
factory, already described. West of the asylum Sunset Hill and the long 
wooded. hills between which runs the road to Loudville form the most 
elevated and extensive accumulation of drift in the valley. The first of 
these hills, starting from the northwest corner of the asylum grounds, runs 
southwesterly and is continued across the Loudville road by the higher and 
more massive hill which is conspicuous at a distance from the number of 
great bowlders of whitened quartz-diorite (tonalite) that cover the broad 
benches on its southeastern side. The road to Easthampton skirts this 
hill for a long distance on its southern side, and the sands of the high 
terrace abut upon its other slopes. 

This completes the chain of ridges, and a glance at the map will show 
how they are swung in a broad curve, from Elizabeth Rock to the West- 
hampton Hills, across the mouth of the deep bay formed by the recession 
of the crystalline rocks. Within this bay two other prominent drumlins 
take the same west-of-south direction—the wooded hill east of Florence 
and the long steep elevation above Bay State on the north. And finally, 
all the broad wooded area west of Mill River opposite Bay State is a con- 
tinuous undulating area of bowlder clay, and from a point below Florence 
nearly all the way to the asylum Mill River is wearing into it, and its 
western bank is covered with abundant bowlders from which the stream 
has washed out the finer material, and here are the best permanent sections 
in the bowlder clay to be found in the valley. 

Farther south, across Southampton and Westfield, the Champlain 
sands occupy the greater portion of the valley bottom, and where the till 
appears it is usually with an undulating surface and is made up of rather 
fine-grained, reddish material, derived mainly from the red sandstone, very 
compact, with bowlders nearly all under 1 foot in greatest length, and 
thus is very different from the upland till. This is notably the case in all 
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Perhaps the most notable contribution to science made by the Second 
Geological Survey of New Hampshire was the recognition of this interesting 
and peculiar form of drift hills, coupled as it was with a careful mapping of 
their distribution and a satisfactory explanation of their origin. 
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The credit due for this piece of excellent original work is certainly 
not impaired by the fact announced by Prof. W. M. Davis, in his historical 
résumé of the literature of the subject,’ that the same forms had been 
observed, mapped, and correctly explained by Mr. M. H. Close,’ in Ireland, 
at an earlier date. As, moreover, the name ‘“‘lenticular hills,” proposed by 
Messrs. Hitchcock and Upham, is certainly not a very satisfactory one, and 
seemed, indeed, not wholly satisfactory to its authors, it is a matter of con- 
eratulation that the earlier paper proposes a name from the Irish, which, 
with the Scotch, is so much richer in names for the varieties of surface 
form of the land than is our own dialect. Indeed, if the word could come 
into general use it would be a valuable addition to our synonyms for hill 
forms, while its more precise use follows a custom already set in this 
department of study. 

The comparison of drumlins with the sand banks formed beneath 
flowing water seems quite satisfactory. I have also been interested to 
compare them with roches moutonnées, with which they are associated in 
origin beneath the ice. 

Fig. 31, p. 540, is a representation of a vertical bank of clay and till 
resting against red sandstone. A broad roche moutonnée of the red sand- 
stone, beautifully striated, was exposed, and abutting against the southern 
vertical and unstriated wall of the rock was a till of almost equal com- 
pactness with the rock itself, bounded above by a curved surface, which 
was the exact continuation of that of the sandstone. The curve sank 
under the water above and below. This may with some propriety be 
called half roche moutonnée and half drumlin, and illustrates the close 
similarity of the cause originating the two rock forms—the differential 
pressure of the ice upon its substratum. In several other cases rock takes 
part in the formation of the drumlin, at times as a nucleus with steeper 
slopes than those of the drumlin itself, but appearing along its crest; yet 
this is the exception here as elsewhere. 

The distribution of these hills along the valley, as shown in PI. 
XXXV, is interesting, and may throw some light upon the question of the 
north-south motion of the ice in the valley as compared with the northwest- 
southeast motion on the higher ground on either side. 


1Am, Jour. Sci., 3d series, Vol. XXVIII, 1884, p. 407. 
2 Jour, Royal Geol. Soc., Ireland, 1886, p. 1207. 
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If one could remove all the newer deposits—sands and clays—which 
still await our discussion, and then raise this great stratum of stony clay 
which overspreads the valley, as one lifts a plaster mask from the face, it 
would be found that its under surface had been exactly molded to every 
line and curve of the rocky substratum; but its upper surface would have 
the effect of a comic mask, swelling with unequal thickness over every 
prominent feature, distorting and concealing its true form, and sending up 
great protuberances due wholly to a thickening of its own mass and not 
molded on any projecting ledge below. The protuberances formed thus 
by the local thickening of the drift sheet appear now as drumlins—massive 
domed hills, in shape like an inverted canoe, with the long axis pointing in 
the direction of the glacial motion, from north to south. Where they are 
most symmetrical they slope away rapidly and equally toward the east 
and west, more gradually but equally north and south, and very naturally 
suggest the name “‘hogbacks,” by which they are often known inland, or 
‘‘whalebacks,” as they are called near the sea. They rise like islands out 
of the sands, which wrap around their bases to a maximum height of 150 to 
200 feet above the present low ground of the valley, and often the thick- 
ness of the till composing them seems to be greater than that. 

The two hills just north and south of the village of South Amherst— 
named Castor and Pollux by President Hitchcock, from their close simi- 
larity—another to the east of the former, and two others farther south and 
west, are all cast in the same mold. Farther north the hill south of Col- 
lege Grove—named the Occident by President Hitchcock—the College Hill, 
and, finally, all the group of hills occupying the space between Amherst, 
East Street, and North Amherst villages are of the same origin and pre- 
serve in varying degrees the common form. 

In the case of all the hills around South Amherst, except Castor, there 
are no neighboring outcrops by which one can judge of the elevation of the 
subjacent ledges and so fix the thickness of the drift stratum forming the 
hill. The surface of the rock may be concave beneath them and the thick- 
ness of the till much greater than their height above the valley bottom. In 
Castor the gneiss and granite appear high up on the shoulder of the hill on 
the east and the west, and if it runs under the drift at the same level the 
thickness of the latter would be about 30 feet, which is probably more than 
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The ledge seems to me to be very deep below the surface of the Occi- 
dent, the hill south of College Grove, but no certain data are attainable. 
The well on the east slope of this hill at R. W. Greene’s was sunk in 
“hardpan” 46 feet, as he informed me. In the College Hill the Octagon 
cellar showed that the surface was the true till The college well is 25 feet 
deep, and about 45 feet below this the well already mentioned was sunk. 
55 feet, and another on the southwest slope of the hill, at the east end of 
Short street, was sunk to the same depth, giving the till an ascertained 
thickness of 100 feet, and the whole thickness is certainly much greater. 

The high hill north or northwest of East Street has in perfection the 
form of a drumlin, and is doubtless of common origin with those already 
described. There is, however, at its top a broad expanse of red sandstone, 
which appears nowhere upon its slopes, either at the surface or in wells. It 
has, therefore, a nucleus of rock of different configuration and with sharper 
slopes than the present hill. Between the Center and North villages, finally, 
and bounded on the west by the road and on the east by the railroad 
between these places, is a group of these hills, so blended that the symmetry 
is somewhat lessened, in which different summits resemble the several hills 
already described. Under the hill on which Professor Tyler’s house is 
built, and its prolongation eastward, the red sandstone is everywhere near 
the surface and the till is thin. 

West of Mount Pleasant the gneiss is near the surface; it is 50 feet 
below the surface under the house at the south end of Mount Pleasant, and 
rises to the surface a few rods north of the site of the residence of the late 
President Clark. An examination of the map will make it plain that these 
hills rest upon a concealed ridge of older rocks running south and a few 
degrees west of south from North Amherst City to South Amherst, and that 
they lie in the lee of the high ground consisting of crystalline rocks which 
projects westward north of the former village, and, finally, that there is a 
close similarity in the arrangement of the drumlins on both sides of the 
river, those on the west lying in a line curving to the westward and in 
the shadow of the projecting heights of Elizabeth Rock, as described in the 
preceding section. 

The most striking series of drumlins in the valley is found in Bernards- 
ton and Gill. They are of the largest size and of most symmetrical form. 
_A fine view of them may be had from the railway in Northfield village, 
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across the river to the west. They cover the first range of hills above 
the highest terrace and rise one behind the other, their long, curving lines 
overlapping repeatedly and forming an ideal entalen landscape. Sains 
on top of the tallest of these hills east of the village of Bernardston and 
looking southward, one can see the train of drumlins crossing the plain, 
where they are in part submerged in the Champlain sands, and then rising’ 
high upon the great mass of Triassic sandstone which forms the town of 
Gill, though not reaching its top. The surface of the sandstone beyond 
and higher up is molded into drumlin-like forms. Descending the south- 
ward slopes of the sandstone mass, or following the eastward side of the 
valley southward, one finds no drumlins except a single small but well- 
formed one beside the railroad just north of the station in Whately. Nor 
is any trace of them to be seen north of or up the north slope of Mount 
Toby, which holds a situation in the valley quite similar to the Gill mass. 

It is a peculiarity of these hills in Bernardston that while they in 
many places obscure the geology of the region fatally, the interspaces are 
over considerable areas almost driftless, so that, outside the regular oval 
base of the hill, fragments on the surface are quite safe indications of the 
ledges which lie but a little distance below. 

As indicated upon the map the boundary of the crystalline rocks 
which form the western border of the valley follows the east line of Ber- 
nardston near the river and then turns west along the south line of that 
town and Leyden, and again south along the west line of Greenfield, 
Deerfield, and Whately, to Northampton, where it is again set back by the 
width of the latter town, and runs thence southerly to the south line of 
the State. Along this sloping border of the valley between Greenfield and 
Northampton runs a train of drumlins, some having their bases nearly 100 
feet above the level of the high terrace sands (Northampton high terrace 
305 feet, Greenfield 357 feet, above sea), while others are more or less 
submerged in these sands; indeed, in several cases wholly submerged and 
beautifully regular drumlins have been exposed in the extensive railroad 
cuttings up this side of the valley. In one most interesting case at the 
Camp Meeting cutting on the north line of Northampton (see Pl. XV), 
what seemed to be a broad terrace of coarse sand contained, to the 
dismay of the contractors, a fine drumlin of rocky hardness which had 
to be blasted away in front of the steam shovel, and was capped by 


548 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


three later glacial deposits with as many intervening sands, which could be 
followed for 3,350 feet in the open cutting. 

Several of these hills of most regular shape are so built up on the 
steeply sloping rocky valley side (the valley runs here north and south) 
that looking up from below one seems to have before one a drumlin of the 
largest size, while looking down from higher up the hillside one sees only 
a small ridge interrupting the eastward slope. These hills are directed 
southerly, as are the neighboring stria, but they lie near the western 
boundary, between the areas of southeast and of southern motion of the 
ice, like a line of bars between two currents meeting from different direc- 
tions; and in Northampton, where the ice was deflected in the valley 
southwestward, the drumlins have the same direction and swing in a great 
curve across the reentrant angle in the rocky border. 

In the town of Amherst nearly every hill is a drumlin, and in several 
cases they are laid side by side in pairs and coalesce laterally. It is fur- 
ther interesting that this group of drumlins in Amherst runs right up to the 
steep northern base of the Holyoke range, which here traverses both the 
valley and the direction of the ice, and whose crest of trap is finely covered 
with north-south striz. 

I have mentioned above that the drumlin exposed in the Camp 
Meeting cutting, a little higher in the valley, is covered by three sepa- 
rate glacial beds, representing, doubtless, as many oscillations in the ice 
at the time of its retreat, which shows—what, indeed, hardly admitted 
of doubt—that the drumlins were formed beneath the thick ice of the 
general glaciation; and the position of this last group, carried with north- 
south axes right up to the foot of the steep Holyoke range, which itself 
+s striated in the same direction, bears strong evidence against the exist- 
ence of a separate Connecticut River glacier which should explain the 
north-south striation of this valley. Indeed, these north-south drumlins 
are carried up so high on the sides of the valley that when one imagines 
ice of the smallest thickness needful to build them and compress them to 
their present rock-like density, one sees that the ice would have risen 
above the boundaries of the valley and have overflowed fan-like, as in the 
great lobes found in the Western States. The facts seem, then, to accord 
better with the theory proposed by Professor Dana of a differential 
motion of the lower portion of the ice in the valley, and the long line 
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of drumlins carried down the western border of the valley mark the line 
along which the ice was deflected southwardly into its new direction. 
South of the Holyoke range and east of the Mount Tom range the drum- 
lins are broader, flatter, and fewer in number than farther north. 

On the hills east and west of the valley drumlins are rare ot wanting. 
I have noted only one train—this of hills of the largest size—which enters 
the northwest corner of Blandford from Becket, with direction S. 35° E. 
A very fine one is situated a little southwest of the center of Granville. 


MORAINES AND BOWLDER TRAINS. 


The great ridge of bowlders of tonalite which passes the Catholic church 
in Thorndike and extends southwardly, going to the west of the group of 
high hills southwest of this village and appearing in exceptional force near 
KE. Brown’s house, just west of Palmer village, and crossing the river to mount 
the high hill just south (Bald Peak, in Monson), is a portion of a true ter- 
minal moraine of a lobe of the ice which shut up the gorge through which 
the Quabaug River passes northwestward from Palmer village, and fur- 
nished the barrier for the Palmer Lake (see Pl. XXXV and Chapter XVII). 
’ In the latter part of its course its bowlders are exclusively of Monson gneiss 
and of very large size, one 26 by 16 by 7 feet. 

From the large dike of granite in the center of Middlefield a well- 
marked bowlder train is carried across Chester, passing through the center 
of the town and traceable for a distance of 5 miles. 

Just west of the road running north from the village of Leverett a 
prominent hill of granite is continued for a long distance southward by 
a mass of bowlders so densely packed that it seems like the continuation 
of the hill itself, and in the northern part of Worthington is a similar 
crag-and-tail arrangement of colossal bowlders of mica-schist carried 
southeast from a prominent hill, so closely packed that one can jump 
from one to another for a long distance. 

Stretching southeast from the great band of fine-grained granite west 
of Burnell’s pond in Chesterfield is an immense accumulation of large, 
often immense, bowlders. It continues to the southeast corner of Chester- 
field and on into Westhampton. 

A marked bowlder train starts from the dike of peculiar porphyritic 
granite northwest of Leyden and extends past the center of the town and 
on a little east of south into Greenfield. 
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Bowlders of the peculiar brown, porous, and drusy chalcedony and 
pyrolusite from Conway are so abundant across Amherst and Granby as 
to deserve mention. One mass on the eastern peak of the Holyoke range 
measures 6 by 6 by 4 feet. 


THE INTERGLACIAL SANDS. 


An elderly lady in Amherst says that when she first visited the town 
of Amherst there was a remarkable spring, never failing, near H. M. Burt's 
residence, opposite the 44% house, the water from which flowed down 
eastward across the common and into a quagmire overgrown with alders, 
in which several pigs were drowned during her visit. Since then Mr. 
Burt’s well occupies the position of the spring, and is remarkable for its 
volume of water, which often rises to within 2 feet of the surface at the 
very crest of the ridge. 

Farther north on the same ridge the well at J. L. Lovell’s house is 
also remarkable for its abundant flow of water, it being almost impossible 
to empty the well. Again, in lowering the Northampton road opposite 
College Hall in 1878 a layer of yellow stratified sands, the finest 0.3 to 
0.6™, the coarsest 0.5 to 1™™ in grain, from 6 inches to a foot and a_ half 
thick, much contorted, was exposed, which was covered by a thin layer 
(from 6 inches to a foot and a half in the section, but rising to a greater 
thickness farther north) of a hard, blue till and underlain by an ashy till 
carrying many striated bowlders, one mass of conglomerate being 3 feet 
long. The sand layer continued to both ends of the section, about 5 rods. 
The same section occurred at two excavations farther north on the same 
ridge, on the grounds of Mrs. Davis and William W. Hunt. I did not con- 
_ nect these facts or find suitable explanation for them until I had studied the 
exceptionally interesting section furnished by the digging of the Amherst 
House cellar. 

In digging the cellar a block of earth 92 by 104 feet and 12 feet deep 
was removed, and at the same time the ditches of the Amherst waterworks 
were opened, having a depth of from 5 to 8 feet and extending from a point 
just in front of the cellar eastward to the dam in Pelham, a distance of 
nearly 34 miles, a mile north to the Plant House, 1,400 feet south to the 
railway station, and 1,200 feet west to the brow of the hill on Amity street. 

The cellar section is illustrated by the figures of Pl. XII, drawn care- 
fully to true scale. Fig. 1 is taken from the northeast corner of the cellar, 
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looking southwestward The lowest stratum (1) present is the lowest till or 
valley drift, which forms the floor of the cellar and is seen rising to the sur- 
face in the south wall (fig. 2). It forms all the remainder of the south, 
all the east, and nearly all the north wall (fig. 6); and in the waterworks 
ditches which radiated from this point it occupied the whole depth for a 
thousand feet north, south, and east; and to the west, where the ditch ran 
parallel to the north side of the cellar, it repeated exactly the section 
developed in the latter (fig. 6). The ground here is 311 feet above tide, 
and slopes away in all directions, so that the till soon sank under the highest 
stratified deposits of the subsequent flood period, which reached here nearly 
300 feet above tide. Above this level it had never been covered, and the 
boundary of the till traced upon the map represents only the uncovered 
part. ‘The bottom of the deposit is here nowhere exposed, but farther east, 
opposite the old Amherst Bank building, the New Red sandstone comes to 
the surface and has this'till on its back, and farther north the gneiss does the 
same at the entrance to the Agricultural College farm, and in both cases the 
stratum has shrunk to a foot in thickness. The cellar deposit has already 
been made the type of the detailed description of the valley drift (page 537). 
Upon this base rests a layer of stratified sand (2) 5 feet thick, upon this a 
bed of compact till (3) 1 to 13 feet thick, next 1 foot of sand (4), and the 
whole is capped with a 7-foot bed of till (5). 

The lower sands (2) were deposited immediately upon the irregular, 
hummocky, apparently eroded surface of the till, the lowest layers, some- 
times gravelly, folding over smaller irregularities and projecting bowlders 
and gradually obliterating the depression. The upper and larger portion 
was cross-stratified on a large scale, the lamine dipping west from 5° to 40°, 
and where the structure was least disturbed a high dip, about 30°, pre- 
dominated. Here and there a delicate flow-and-plunge structure could 
be seen. The whole stratum consists of clean, well-washed sand, whitish 
where not colored by a later infiltration of iron, varying from a fine sand 
which retains water and has an average grain of 0.09™™ to a coarse granitic 
sand having a grain of 0.5 to 1". Thin seams of gravel separate the layers 
of sand here and there. Comparing many samples with the ordinary sands 
which compose the higher terraces of the valley, I found them to agree 
quite well under the microscope, but the glacial sands had been more 
rounded by attrition in water and were better sorted than the later flood 


552 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


sands. The bed was, however, everywhere disturbed by the pressure and 
thrust of the ice which had moved over it from north to south. 

On the western face (fig. 5) the laminze, which, being exposed in the 
direction of the strike, had run nearly horizontally, have been squeezed 
into wavy folds, and often show beautiful illustrations of reversed faults, 
the upthrow overlying the downthrow, the faults always dipping to the 
north. On the southern face these faults were much more numerous, and 
as the work of removing the earth progressed they were constantly chang- 
ing. On one face of 10 feet I counted twenty. On the surface repre- 
sented in the figure they are present in great number, and two are especially 
marked, one faulting the bed 3 feet; these dip 60° W. In other portions 
the bed was thrown into entire confusion. Over a large portion of the 
section a beautifully delicate incipient cleavage has been superinduced in 
the sands by the pressure, and its existence is made manifest only by the 
concentration of iron rust in sharply distinct layers 14 inches apart, which 
run parallel to the level base of the till above, passing across the laminze 
of the sands and distinguishable instantly from the ordinary lines which 
mark the lower limit of infiltrating water. Their position in the upper 
portion of a thick’ permeable layer and beneath an impervious one would 
make them difficult of explanation in that way. It seems to me that 
the pressure has produced in the sands distinct traces of a plane-parallel 
structure, which has favored the movement of the percolating waters in a 
definite plane, and with this also the deposition of the iron from the water. 
This structure, I have no doubt, was produced within the sands when 
frozen. 

At its base the stratum of sand is closely blended with the till, and 
although the transition is effected in the space of an inch, there is no sharp 
line of separation. Above, the stratum is planed down to a horizontal line, 
the laminz being cut sharply across, and the middle layer of till rests 
upon the surface thus produced like a plank, with a clearly defined line of 
demarcation between it and the sands it covers. It is a horizontal fault. 

It seems to me certain that when the ice moved over this mass of sand, 
now so yielding and incoherent, the latter was frozen into a solid and rocky 
mass, and that it was thus eroded and faulted and cleaved, and where the 
freezing was less entire was swept into the common chaos of the till above. 
In many cases the upper layers of the till contain well-rounded sand 
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bowlders 6 inches in greatest diameter, which can be explained only as 
above indicated. They are now pockets of a much flattened ellipsoidal 
form, filled with a buff sand like that forming the layer below. 

This sand stratum was again finely exposed in the water-main ditch on 
Amity street (a few rods north), on a line running east and west, and thus 
with the dip of the laminze of the sands. It rested, as before, upon the 
irregular surface of the till below, and was covered here and there by frag- 
ments of the second till, partly removed in grading the road. The sands 
were exposed for a distance of 350 feet, commencing at a point opposite 
the northwest corner of the cellar. Here they began as a thin, gravelly 
bed, and, the till beneath dipping westward, they soon reached a thickness 
of more than 6 feet, and their whole depth was not exposed for 60 feet. 
Then the till rose nearly to the surface for 60 feet, and for the rest of the 
distance the till appeared only here and there in low hummocks in the 
bottom of the ditch, until at last the sands ran out to the surface on the 
slope of the hill between the first and second layers of the till, opposite 
Professor Crowell’s house. 

The sands agreed in all particulars with those already described in the 
cellar section, presenting the same gradation from a fine, whitish, clayey 
sand through buff sands to fine gravel, the same flow-and-plunge structure, 
and false bedding with westerly dips, all in places more or less obliterated in 
the contortions produced in connection with the deposition of the second till. 

Again, the ditch almost continuously cut across the same sands, overlain 
and underlain by till and in places confusedly intermixed with the second 
till, as it continued north on the North Amherst road up to the western base 
of Mount Pleasant and 80 rods north of the cellar, where the road goes 
down a small slope, at the gate of the Mount Pleasant grounds. These 
sands agree exactly with those before described, and are doubtless a con- 
tinuation northward of the same stratum which I have traced from College 
Hall and which here crosses the road and runs eastward into Mount 
Pleasant. What course it takes from here on is uncertain, as it conforms 
itself to the irregular surface of the underlying till. It seems to me prob- 
able that it rises high enough toward the north or to the east to produce 
the head and strong flow of water in the wells on the ridge mentioned 
above. That this water sets from the north to the south was shown very 
clearly by the fact that for 40 feet south of an old well which had been sunk 
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under the former Amherst House through the sand stratum (2) and into 
which the sewage of the house had been directed for many years, the buff 
color of the sands was wholly discharged and the sands were clotted into a 
greenish mass, and that this effect extended southward without diminution 
as far as the excavation continued. On the north the sands retained their 
buff color up to the well itself. This well was located in the middle of sec- - 
tion 5, Pl. XII, and went below the bottom of the section. It was clear that 
the decomposing organic matter had reduced and removed the iron from the 
sands for a long distance south, and that the sands had thus lost their power 
of purifying the water which set southward. A colleague who had had 
abundant opportunity for judging remarked to me that he never liked the 
flavor of the water in Mr. Burt’s well, located a few rods south. 

I have now traced these sand strata along the western slope of the - 
ridge which joins College Hill and Mount Pleasant from the first section 
northward more than a mile, with a width of 50 to 350 feet and a thick- 
ness which for a considerable distance was fully 6 feet. They run farther 
north and south—how much farther can not be said. They appear with 
undiminished thickness in the northern exposure and may be seen in the 
Central Railroad cut on the south. They crop out in a slope produced by 
later erosion, and the position of these sand strata between layers of till 
seems to me to have in part determined the position of the Lincoln avenue 
plain from the Northampton road to the Agricultural College and north- 
ward. Vertically one can see in every section how the sand has been 
scalped by the ice, and when one considers how exceptional a grouping 
of favorable circumstances must have been required to shield these inco- 
herent and exposed sand beds beneath the ice and retain any portion of 
them intact, one will, I think, be inclined to consider what remains as but 
a feeble remnant of the beds as originally deposited. Again, the texture 
of the beds, the large scale of the cross-bedding, the flow-and-plunge 
structure, and the close resemblance to the flood deposits of the valley in 
later times, make it probable that they were of similar origin, the one 
being deposited in the flood waters subsequent to the first retreat of the 
glacier, while the other and later beds were laid down by the floods which 
accompanied the final melting of the ice. 

The sands then furnish strong evidence, if not conclusive proof, of an 
interruption in the continuity of the presence of the ice in the valley and of 
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its retreat from the seaboard to a point north of Amherst, while the abun- 
dant information concerning the character of the glacial deposits in Maine 
and New Hampshire, published by Prof. C. H. Hitchcock, incline me to 
the opinion that the recession continued at least to the foot of the White 
Mountains. 

The middle layer of the till (3) in the cellar section is a compact, stony 
clay, showing no distinction in color, compactness, or texture from either the 
upper or the lower layer when exposed in fresh section. When frozen it 
showed itself a little more sandy toward the north end of the section, evi- 
dently because it had borrowed part of its material from the sands upon 
which it rests. Its sharp horizontal line of demarcation from the sands 
below I have already described. Its upper surface is, on the contrary, 
most irregular. It sends many long, tortuous projections into the sands 
above, which are bent over and spun out southward as the smoke of a 
chimney is by strong wind, and indicate clearly the direction of the motion 
of the ice. This structure is more manifest in the section itself than it 
can be made in the drawing, and recalls the “fluidal” structure of many 
voleanic rocks. Oftentimes filaments of the drift lie wholly inclosed in the 
sand, strung along in the direction and in the prolongation of one of the 
projections, from which they have manifestly been separated. 

The upper layer of sand (4) is about 1 foot thick, and is somewhat 
finer than the average of the lower stratum—about one-fourth inch—but 
agrees with it under the microscope in degree of rounding of the grains. 
It shows nowhere distinct traces of its former texture, this having apparently 
been wholly replaced by a fine horizontal lamination, which seems to me 
rather a pressure cleavage superinduced by the weight of the ice upon the 
mass when frozen, while below it is confusedly interwoven with the till on 
which it rests. Above it joins the third layer of till along a line nearly 
horizontal, although the sand and the till are thoroughly molded together. 
This is a second horizontal fault. Toward the north end of the section it 
ends abruptly, being cut off at right angles to its length, and the layers 
of till above and below it come together, separated only by a thin seam of 
sand, which in places disappears entirely. 

Distinct traces of a second stratum of sand were to be seen in some of 
the other sections I have described, and while the sand and second till 
were often so confusedly interwoven that all indications of a second sand 
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bed might well have been obliterated, I am inclined to think that such a 
second layer was deposited on a second till. At the same time I explain 
this second layer in the cellar section as a sheet of sand which originally 
formed a part of the lower stratum (2), and which, when frozen, was moved 
as an immense bowlder into its present position. Thus it would be classed 
with the true sand bowlders—regular flattened elipsoidal sand pockets with 
their longer and shorter diameters averaging about 8 and 4 inches, respec- 
tively, which occur not rarely in both the upper layers of the till, and 
which can be explained only by supposing them rounded to their present 
form when compactly frozen. 

Another curious phenomenon which points in the same direction was 
observed near the south end of the west wall of the cellar. A fissure had 
opened an inch and a half, commencing at the upper surface of the sand 
layer and running down through the middle drift layer and for a little way 
into the lower sand stratum, and this fissure had been filled with alternating 
layers of clay and sand, about seven in all, which correspond on each side 
of the center and present a curious imitation of a mineral vein. (See figs. 
4,5 of Pl. XII) This would seem also to find its explanation most natu- 
rally in the assumption that the sand layers (2 and 4) were frozen when the 
fissure was formed and that the latter was kept open so long that successive 
lavers of muddy water trickled down through it. The sand bed abounds in 
small masses, 1 to 2™™ in size, formed of a few grains of sand cemented with 
limonite. 

The upper layer of the till (5) differs in no respect from the lower, and, 
like it, was removed with chisels and heavy sledges. It had a thickness of 
5 feet in the section, but the ground had been lowered here by the same 
amount, so its whole thickness was more than 10 feet as it appears a few 
feet west of the cellar. The massive and compact character of the stratum 
was shown by the effect upon it of the extreme cold of the winter of 1879. 
The mass above the sand expanded with the freezing so energetically that 
it projected like a cornice 10 inches in the west wall of the cellar, which 
had been cut away vertically. 

I am thus inclined to explain the phenomena I have described by 
assuming that after the deposition of the first till there was a retreat of the 
ice, during which heavy sand beds were deposited in the valley, followed 
by a second advance of the ice, which then plowed up and destroyed the 
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greater portion of these beds, even moving and partially molding into the 
till beneath it great sheets of the sand, as in the case of the bed (4) just 
described, more commonly destroying its identity entirely. Nevertheless, 
I think one would be strongly inclined, from a study of the cellar section 
alone, to assume a second retreat of the ice for the formation of the second 
sand bed, and a third and final advance, during which the third layer of the 
till was deposited. 

Or, finally, one has an alternative; namely, to explain all these sand 
beds intercalated in the till as deposited by subglacial streams during 
the progress of a single glaciation of the country. The fact of a retreat 
and second advance of the ice seems abundantly proved for western 
Europe, and many observations in this country point in the same direction, 
especially those made toward the borders of the ice sheet, since traces of 
a double glaciation would naturally be more abundantly preserved there 
than farther north, where the ice a second time occupied the country in 
such force as to obliterate most traces of the incoherent deposits made 
in the interim. Again, the compact, unsorted, and clayey character of the 
till above and below the sands shows that for the most part there was here 
no free circulation of the waters below the ice, and we should expect the 
waters to have escaped along the bottom of the valley and not along its side 
300 feet above the bottom. On the other hand, the sand beds occupy just 
the same position fringing the valley and have just the same structure as 
the flood beds which attended the final disappearance of the ice, and seem 
to me to bear the same relation to the retreating ice of the earlier epoch.’ 

In 1881 the deep railroad cutting south of College Hill exposed the 
same sand beds at a distance of 1,463 feet south of the first locality cited 
above on the Northampton road, displaying the following section: 


Section in railroad cutting south of College Hill. 
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Till, blue; bottom not exposed. 


1I prefer to leave this section as it was written in 1879, although now the case in favor of a 
second Glacial epoch seems to me less strong than then. 
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The lower sand bed maintained a constant thickness for 450 feet east 
and west, going below the surface at the east end of its exposure and dis- 
appearing at the end of the cutting (opposite the northeast corner of Col- 
lege Grove) with the same thickness. It agreed in all particulars with the 
lower sand in the cellar section above. 

The upper layer of sand was exposed for 325 feet east and west, 
measured back from the end of the cutting. It is greatly contorted and 
twisted in every conceivable way into the upper layer of till, and in one 
place it is wholly interrupted for 65 feet and appears in long patches and 
filaments of sand, one above the other, in the mass of the upper layer of till. 

At one place also a third layer of sand is intercalated in the mass of 
the till halfway between the two more extended layers of sand, with a thick- 
ness of 34 feet and a length of 80 feet, and ending abruptly. ‘This seems 
also to have been a great slab of frozen sand from the lower bed, while the 
extent of the upper bed here makes it possible that there were two inde- 
pendent sand beds deposited, which it did not seem necessary to assume 


from the former sections. 
THE UPPER TILL. 


I have called the stratum below the interglacial sands the first till, as 
the product of the first glaciation, and that above the second till, it having 
been formed during the second advance of the ice, reserving the name upper 
till for a deposit to which Prof. C. H. Hitchcock has called special attention 
and to which he has given this name. It is conceived by him to have been 
derived from the material taken up into the mass of the ice itself, and to have 
sunk down, when the ice melted, in a coarse, uncompacted, ‘and unstratified 
sheet upon the lower till, which had been compacted beneath the ice. 
While the lower till is compact, with few small bowlders, well scratched and 
not far-traveled, and is bluish in color, having been protected from the air by 
the thick ice, the upper till is loose, contains many large bowlders, angular 
and far-traveled, and is reddish from oxidation. I have been able to recog- 
nize this distinction only partially in the valley. The immediate deposi- 
tion of the Champlain clays upon the surface of the lower till proper at 
several places in the valley shows that the upper till was not uniformly 
spread upon the latter, and where, as along the northern part of High street 
in Amherst, an upper loose buff layer from 1 to 6 feet thick covers the blue 
compact till, I do not find the bowlders to be more angular or far-traveled 
than below, and am inclined to explain the peculiarities of the surface layer 
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as due to the surface oxidation and disintegration by frost. The same was 
true at the Central Railroad cutting south of the college, where beneath the 
clays the till was in its upper part olive-green to brown, and blue-green 
below, but with no further distinction in matter of compactness, coarseness, 
or derivation of bowlders. I have seen several cases where the upper layer 
was blue and the lower reddish. 


REMARKABLE BOWLDERS. , 


President Hitchcock has described! and named six of the most notable 
traveled bowlders to be found on the east of the river in the valley and on 
its border, remarking that bowlders of the largest size do not occur in this 
vicinity. Those named are: 

THE NORTHERNER, 


An irregular mass of the coarse conglomerate of Metawampe (Movnt Tom), 
weighing nearly 100 tons, * * * lodged on the gneiss rock of Pelham Hill in 
the bed of a large brook close by a small cascade, where it was pointed out to me 
by Mr. Newall. 

ROCK OREB. 

Near the top of Mount Warner, a little east of the summit and in the cleared 
pasture, lies a large bowlder of imperfectly prismatic trap or greenstone. Its weight 
we estimated at 78 tons. The rock of the mountain is granite and mica-schist, and 
no trap in place is found to the north till we reach the north part of Sunderland 
and the south part of Deerfield, say some 10 miles distant. From that range this 
bowlder undoubtedly came. * * * 


ROCK ETAM. 


Northwest of Rock Oreb, say a quarter of a mile in the woods, and far down the 
northwest slope of the mountain, is another and larger bowlder of the same variety of 
trap. We estimated the weight of the Hadley Etam to be 385 tons. * * * 

Another bowlder of the same columnar trap projects from the ground on a lower 
bench of the mountain southeast of Rock Oreb. Its exposed portion is half as large 
as the latter. 

THE MAGNET. 

At the western foot of the steep part of Holyoke, and a little south of the place 
where the railroad goes up the hill, lies a large bowlder of trap precisely like those 
just described on Mount Warner. It is 15 feet high, and, by a loose estimate, I 
think it must weigh 300 tons. It is remarkable for exhibiting on its north face a 
vast number of magnetic poles sufficiently strong to completely invert a common 
magnetic needle, forming in fact several continuous lines of poles. I spent some 
days several years ago in tracing them out. These facts furnish a reason for the 
name which I venture to propose for it, viz, The Magnet. I formerly supposed that 


‘Reminiscences of Amherst College, pp. 264-265. 
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it had been broken off from the trap ledges immediately above it, but its exact 
correspondence with Oreb and Etam in characters, and want of resemblance to 
the trap of Holyoke, make it more probable that it was brought into its present 
position by drift agency and originated in the same region as those on Warner. 


THE SENTINEL. 


As we ascend Mount Boreas, looking northerly up the valley on its east side, 
* * * wesee a prominent bowlder lying near the base. We find it to be com- 
posed of gneiss and lying on gneiss, although the stratification on both is very 
indistinct. It weighs something less perhaps than 200 tons, although not accurately 
measured, 
THE ROCKING STONE. 


Some years ago a bowlder of several tons weight, capable of being rocked a little 
by one man, lay on a farm then owned by Mr. Grout, about a mile north of Pelham 
Center, on the road to Shutesbury. 


OTHER BOWLDERS. 


The finest bowlder ever found in the valley is the one now lying in 
front of the Woods cabinet, where it was brought by the class of 1857, as 
the inscription upon it indicates. Its former north end now faces south. 
(See PL X XXIII.) It was uncovered in lowering the road in front of the 
residence of the late Edward Dickinson, and, judging from the excavations 
here for the waterworks, it was derived from the lower till. It is a large, 
coarse, red sandstone, in size 78 by 66 by 33 inches, the four sides planed 
down to a flat convex surface and striated longitudinally, the ends for the 
most part still rough and irregular. It exhibits exactly, on a large scale, 
the form of the most perfectly polished glacial stones. The strize of the 
upper surface when it was first exposed ran north-south, as do the strize in 
the valley, and it may be that the ice passed over it after it was fixed in 
the till, thus polishing its fourth side, which was naturally at first mistaken 
fora ledge. A full description of it was published by President Hitchcock.’ 

The largest specimen of the buff quartzite, which is so abundant in 
smaller masses throughout the valley, is the one mentioned on page 542, 
in the yard of the Whitney homestead, on King street, in Northampton, 
which came from the Denniston place, near Florence. This quartzite, I 
think, came into the valley farther north from Vermont and then drifted 
down in the valley with the altered direction of the ice. 


1Am. Jour. Sci., 2d series, Vol. XXII, 1857, p. 397. 
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A single bowlder of compact, pure magnetite, about a foot in diam- 
eter, was found by Mr. W. Newall, of Pelham, in the brook above the Orient 
House. A portion of it is preserved in the collection of bowlders in the 
Amherst College cabinet. It came probably from Bernardston. 

The bowlders of green hornblendic quartzite which have furnished so 
many mineral specimens under the name of Shay’s flint, praze, hornstone, 
ete. the origin of which was unknown, I have traced to a band of tonalite, 
from which this rock has been formed as an aphanitic and siliceous product, 
by crushing along the great eastern fault. It appears capping the Pelham 
gneiss in a thin band along its western exposure in Pelham, and is now 
mostly concealed by drift. It is best exposed in the bluffs 50 rods west of 
the road running south from the house of Mr. 8. J ewett, in the west part 
of Pelham, where this road crosses the town line. 

Just at the west border of the village of Amherst, on the brow of the 
hill and along a north-south line, the large conglomerate bowlders were 
accumulated in unusual abundance. As the land has been long under cul- 
tivation, many have been removed, but many still project from the surface. 
In building my house, on Northampton road, I had to remove three, which 
contained about 300 cubic feet. It may be assumed with great probability 
that they came from the rock-cut benches on the west of Mount Toby. 

President Hitchcock notes! “about 1 mile northeast of the college, 
in a field, numerous bowlders of chalcedony and hornstone, resembling 
almost exactly a great vein in the southeast part of Conway,” with which 
much pyrolusite is associated. These bowlders continue to be found, and 
one of my former students, Mr. Horace B. Patton, found a great mass of 
the same rock, about 6 feet on a side, on the eastern spur of Mount Holyoke. 
I have little doubt they all came from Conway. | 

Perched bowlders, often poised so that they can be easily moved, 
occur in several places in the region. Such a one is the “Hanging Rock,” 
on the farm of Jonathan Buddington, in Leyden, which is estimated to 
weigh 20 tons, and has been known since 1800. It can be moved with 
one hand. On the old Atwood farm near the Winchester line, in Warwick, 
is another, estimated weight 100 tons, which can also be moved with one 
hand; also two specimens on the Blackmer farm, in Greenwich. The above 
three are noted in History of Connecticut Valley, Vol. II, page 754. 


"Geology of Massachusetts, 1835, p. 344. 
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THE CHAMPLAIN PERIOD. 


GLACIAL LAKES EAST OF THE CONNECTICUT RIVER. 


INTRODUCTION. 


It is very remarkable that while the heavy sand and gravel deposits 
of a complex series of glacial rivers and lakes extend over the whole eastern 
half of the three counties east of the Connecticut River, such deposits are 
almost wholly wanting on the western side. Amherst, in the middle of the 
area, is about 80 miles from the sea and the same distance from the Sound, 
and it has come to be very plain to me that the ice front during the retreat 
of the inland ice was, over this territory, a northeast-southwest line; not a 
straight line, but one projecting south in a loop in the broad Connecticut 
Valley. The effect of this would be that the country to the east would be 
set free on any given parallel earlier than that on the west, and that in the 
east the headwaters and gradually nearly the whole of the drainage area 
of each tributary would be set free before the southward-projecting tongue 
of ice in the main valley would permit its unobstructed passage to join the 
waters of the Connecticut; while on the western side the ice melted back 
up the streams to their heads, leaving their lower portions first and using 
their channels for the passage of their abundant waters, and thus delivering 
through them to the main valley an abundant supply of “gletchermilch” 
(the fine silt from beneath the glacier), but, except in a few cases where a 
north-south side valley sloped northward, leaving the valleys open and not 
clogged by the great accumulations of sand found so commonly on the 
eastern side. 

From this it follows that our history of the stratified deposits which 
accompanied the melting of the ice must begin at the southeast of the region 
and proceed northwesterly, ending in the northwest, and we shall find a 
gradual change in this direction and a remarkable difference on the two 


sides of the river. 
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We have first to discuss lakes at elevations of 800 to 1,000 feet above 
sea, held back in basins on the eastern border of the region, high up on the 
western slope of the great plateau of central Massachusetts, which were set 
free by the first melting of the ice over the area. We must then study 
how the continued retreat of the ice uncovered gradually a more and more 
complex network of longitudinal and transverse valleys in which successive 
series of lakes and rivers found temporary place and were drained over 
passes now abandoned, as these passes were one after the other, and at 
lower and lower levels, opened by the ice. We shall see how this melting 
process went on until at last the space between the eastern rocky border 
slope of the main valley and the tongue of ice still extending southward 
in the valley from the main mass became a channel by which for a time 
the waters escaped into the open valley below, and in which they lodged 
a great mass of coarse, tumultuously irregular, kame-like sands. These 
sands were afterwards in greater or less measure planed down to the level 
of the high terrace formed by the flood waters which occupied the Con- 
necticut Valley, and as they often covered masses of the retreating ice, are 
now deeply pitted here and there at the surface by kettle-holes, or have 
sunk down into a system of reticulate ridges, due to the melting of the ice. 

While the bottom of the valley on a given latitude was still covered 
by the ice and kept free from the deposits of the melting, it is everywhere 
indicated, for the central portion of the valley at least, that the tongue of 
ice was thrust at its southern end into deep water, buoyed up and floated 
off, and was immediately succeeded by the laminated clays. All along 
the western border a complex and interesting series of beds show clearly 
the alternate advance and retreat of the ice, at least three times repeated, 
and the high terrace on this side is comparatively narrow, and in many 
places remote from the mouths of streams is represented only by a narrow 
shelf in the rock or by a notch in the heavy deposits of till, The high 
terrace is not, as is often the case on the eastern side, represented by a 
broad area of kame-like sand which is planed down to its level, but is of 
earlier date of deposition than the time of the highest level of the flooded 
Connecticut. On both sides the high terrace or bench which marks the 
highest stage of the Connecticut lakes may be defined as a series of deltas, 
but those on the west are proportionately much less extended and of finer 
material than those on the east. Moreover, in the northwest corner of the 
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basin, in Greenfield, the ice was thrust into the valley and lingered there 
until the period of flooding had passed its climax and the waters had begun 
to recede. 

Finally, from the shoreard (western) edge of the high sand terrace 
on the western side one passes immediately onto the bare ledges of rock 
or onto the coarse till of the uplands, and not, as one often may on the 
east side, onto sands which stretch continuously many hundred feet above 
the level of the former Connecticut Lake. Only in exceptional cases, as 
noted above, where a valley dips northward, has the ice clogged its mouth 
and aided in the accumulation of glacial lake deposits on this side also. 
These are here of limited extent and importance. 

On the east side of the great longitudinal valley of the Connecticut 
the land rises rapidly to a height of 800 or 900 feet and then slowly 
merges into the plateau of Worcester County. It is a hilly country, and as 
the rocks strike north and south, it is cut into a series of parallel ranges by 
north-south valleys; only two transverse valleys, occupied by the Chicopee 
and Millers rivers, cut back beyond the front range of hills. The tribu- 
taries of both these extend back far beyond the limits of the county and 
branch out over the western half of the Worcester County highland. 
From the southern line to the middle of the State, in the latitude of 
Amherst, the front range is broken only by the long gorge of the Chicopee. 

Pelham Brook in Amherst and Locks Pond Brook in Montague break 
through the front range, but no other stream does this except Millers River, 
already mentioned, before we reach the north line of the State. Just over 
this line Perchee Brook sets back through the front range and drains the 
broad valley east of it in Warwick. 

The order of the formation of these lakes must have been from south- 
east to northwest, as already stated, and we have thus to discuss the deposits 
found in the southeast portion of the area first, and then proceed north and 
west. Where the Chicopee River extends eastward beyond the limits of 
the county the longitudinal valleys are less pronounced, the whole area is 
elevated and flat, and the conditions were less favorable for the formation 
of glacial lakes, and for some distance eastward no trace of them is to be 
found, so far as I have seen. It is a broad, high area of undisturbed till, 
not covered by any later deposit. Farther east distinct and extensive kame 
ridges run north and south across the area and seem to replace the lake 
sands discussed below. 
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As the ice melted back across Worcester County the water ran off 
across it into more eastern drainage systems and has left its esker ridges 
behind it to mark the place of the ice streams, but as the ground began to 
slope toward the Connecticut and became grooved by deep valleys, at once 
the retreat of the ice became more irregular and the escape of the water 
more interrupted. 

ICE BARRIERS. 

Upon the map the position of the ice barriers which completed the 
shore line of glacial lakes and watercourses is marked by a series of red 
circles. This position is, in the nature of the case, only an approximate one, 
often an average of many shifting positions. At times a later erosion has 
removed the beds left at the line of contact, and a series of later terraces 
occupies its place. In this case it seemed in several instances necessary for 
the clearness of the map to represent as closely as possible the fact and the 
approximate position of the ice boundary, and since to represent it in its 
true position would confuse the expression of these later terraces with which 
it had no relation, it was found necessary to draw this boundary upon the 
color representing the lake area and along that edge of the area nearest to 
its true position. Whenever possible it is drawn just outside this area 
across the till. On the map these ice barriers are numbered from southeast 
across the State to northwest. No. 1 is applied to-the oldest series of bar- 
riers, approximately contemporaneous and representing portions of a single 
ice front which retained the Brimfield lakes and turned their drainage away 
east of the Monson Valley and across Brimfield and Wales; No. 2 is applied 
to the next clearly recognizable series, which diverted the waters into the 
Monson Valley; and so with the others. The evidence upon which these 
barriers have been located is given in detail in the description of the 
separate basins. Arrows are also used on the map to indicate the direction 
of flow of the waters, and especially the passes by which the lakes were 
drained. 

THE BRIMFIELD LAKE. 

This, the oldest and highest of the lakes, oceurs on the eastern border of 
Mampden County, in the northwest corner of Brimfield, at a height of 830 
feet above sea (Pl. XXXV,_D, 1 b). It is a square basin, the north and 
south sides of which are rock; on the east the waters bathed an enormous 
“felsenmeer” of great bowlders of gneiss, a rock which always furnishes the 
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most abundant and the largest woolsack-like bowlders; on the west its heavy 
sands and clays overhang the valley of the Quaboag (as the Chicopee River 
is called above Palmer) and the station of Brimfield, which is 390 feet 
above the sea. When it was formed the ice must have occupied the whole 
of Hampden County west of this point, and must have filled the valley of 
the Quaboag, here running north and south, to furnish the western wall of 
the basin. One standing at the railroad station and looking east can see 
that the horizon, almost over one’s head, is the horizontal line of the front 
of the high, level sands of this lake, which extend north and south for 
nearly 2 miles and stretch back east for a mile and a quarter. Just in 
front of the station, at a large brickyard, a fresh vertical section of 20 feet 
of horizontal, perfectly sorted yellow sand is exposed. 

In many places a vast number of the great bowlders of porphyritic 
eneiss have been dropped into the sand from icebergs which separated 
from the ice front and floated on the lake, and at a distance many slopes 
produced by erosion look like the coarsest till. They have, however, 
everywhere the contour of sand slopes, and are very heavy masses of 
well-bedded sand. Beneath these sands is the following peculiar section 
of till: 


Section of clay at Brimfield station. 


Feet. 
Till with great bowlders on-its surface.....---..-..------------- 2 a 6.5 
Brown laminated-clay with few bowldersy2. oo. eee 12 


Blue laminated clay without bowlders, very fine and tenacious; exposed. 6.5 


These clays seem to be subglacial deposits, or to have been deep- 
water deposits overridden by a readvance of the ice. The section was 
taken at the kiln. 

South of this lake are two others belonging in the same series, which 
may be called the Parksville and the East Monson lakes. The former was 
half filled from the north by heavy sands thrust forward into its basin as 
a great delta, whose front scarp is still well preserved as a steep south slope, 
crevassed at one point by the stream that emptied the lake northwardly. 
Around the south half of the basin its shore line is hardly traceable. 


THE MONSON ESKER. 


It was perhaps but little later than the time of the formation of Brim- 
field Lake, while the ice was thrust down the deep, straight valley which 
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opens southwardly from the Quaboag at Palmer and runs south across 
Monson (occupied by the New London Northern Railroad) as far as South 
Monson, that the waters, confined by the high ground which borders the 
valley, ran down over the ice and formed the Monson esker (k). This now 
stretches as a marked ridge south from a point west of the second bridge 
over the Monson Brook at W. Leach’s, crosses the brook at North Monson, 
and runs down its east side to Monson village. From this point the whole 
valley, grown broader, is filled with an enormous accumulation of sands, 
mostly finely sorted and of great thickness, at times containing great sheets 
of coarse, indeed of the coarsest, gravel, all of well-rounded pebbles inter- 
calated in the most irregular and indescribable manner, the surface being 
also pitted by deep kettle-holes. These sands rise to a height of 660 to 
680 feet, and as the greatest height of the divide at the State line, where 
the valley narrows to a canyon and where the sources of the Monson 
Brook flowing north and the Willimansett flowing south now approach 
closely, is 620 feet, the waters must have passed through this gorge with 
great depth and velocity. 

I have marked an ice front (b’, Pl. XX XV, D) across the deep Monson 
Valley at a point where at its south end the esker meets the high gravels, 
which here expand suddenly to fill the whole valley, as this represents the 
point where the esker-forming stream flowed off from or out from under 
the front of the ice lobe, whose irregular advances have thrown the sand 
beds into so great confusion. 


THE MONSON DRAINAGE. 


THE EASTERN PALMER AND MONSON LAKE, 


In order to understand the complex series of transient’ lakes and river 
courses (1 m) which followed upon the gradual recession of the ice from the 
point where it held back the waters of the Brimfield Lake, we must study 
with some detail the configuration of the region about the point of conflu- 
ence of the four branches of the Chicopee River, which can best be done 
with the large topographic map on the mile scale (Palmer sheet). 

The Quaboag (the east branch of the Chicopee), where it enters the 
county, leaves its transverse valley to flow south along the east side of 
Palmer in a deep longitudinal valley to the southeast corner of the town 
at Fentonville, where it turns west again in a transverse valley. Just 
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before reaching Palmer village the deep, narrow Monson Valley opens out 
southwardly from this Palmer Valley and runs south across the town, 
bounded by continuous high ground. This Monson Valley becomes a 
narrow canyon, which is at the State line a low watershed with a height of 
620 feet above the sea. A brook gathering here runs north into the Qua- 
boag, and a little farther south are the sources of the Willmansett, which 
flows south into the Sound. The Quaboag flows west past Palmer, and 
immediately turns north. Its valley is continued, however, at a higher 
level (380 feet) westward to the Connecticut basin, and is now occupied by 
the Boston and Albany Railroad. This continuation I have called the Ellis 
Mills Valley. The Quaboag turns north in a narrow gorge between the 
hill south of Three Rivers and Mount Dumpling, and soon turns west to 
Three Rivers. On the north of Mount Dumpling the Ware River, coming 
down from the north, bends west also in the narrow Thorndyke gorge, and 
joins with the Swift River and the Quaboag to form the Chicopee River at 
Three Rivers. 

The present gorge of the Chicopee River west of Three Rivers is the 
last and most northern outlet of the waters of the drainage areas of these 
three streams, and it was opened only after the ice had receded from the 
Belchertown plateau to the north. The Ellis Mills Valley was an earlier 
outlet at a higher level, and the Monson Valley was a still earlier outlet 
farther southeast and at a still higher level. This latter outlet determined 
the level of the lake here, around Palmer, whose waters rose to the height 
of 620 feet. The ice then occupied the Belchertown plateau and the Swift 
and Ware river valleys and approached Pattaquattic Hill on the north and 
west, and the ice front extended south past Palmer to Chicopee Mountain 
(Eee XD 

The best remnant of this lake is seen by mounting to the top of the 
great level sand plain east of Palmer Center and following it southeast past 
Calkins Pond for a distance of nearly 3 miles. It has well-marked shore 
lines against the rocks on either side, is nearly a mile wide, and where, 
on the south, it overhangs the Quaboag at Blanchardsville its sands are 
above 200 feet thick and its broad, flat surface is 610 feet above sea level. 
Approaching Palmer, its sands swing round the rocky spurs which have 
bounded it on the west, on the east extending up the Quaboag Valley, and 
end on the south in a great lunate delta scarp, at the foot of which the 
river runs. The Monson Valley is its almost direct continuation southward, 
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and the character of the bottom of this valley, with. the great esker, only 
half covered, winding down its middle at a much lower level, shows that 
the valley can not have been filled to the 620-foot level and then reexca- 
vated, but that the work of filling the lake was arrested at this point by 
the further recession of the ice that opened at a lower level the gorge 
which forms the continuation of the Palmer Valley eastward, and which I 
have called above the Ellis Mills Valley. During the continuation of this 
lake its waters escaped through the Monson Valley to the south and did 
not quite plane the sands accumulated there down to the level of the pass 
across the whole valley, as a central channel cut in the sands passes beyond 
the headwaters of Monson Brook at the State line and is occupied farther 
south, beyond the divide, by the headwaters of the Willimantic. 


THE ELLIS MILLS DRAINAGE. 
THE PALMER LAKE. 


As the ice retreated westward a next important halting place (b‘, 
Pl. XXXV, D) is suggested by the configuration of the country and by 
heavy morainic accumulations. Here the ice abutted against the high hills 
east of Bonds village, against Hog Hill, surrounded Mount Dumpling, and 
for a time still closed the passage between Mount Dumpling and Bald Peak. 
During this time the Ware River Valley was freed from ice and filled with 
a great volume of sand, and the beds at the 530-foot level (lp a), extending 
north from Palmer east of, Thorndyke and Bonds village, were laid down, 
the latter by waters coming from the lower Swift River V alley. 

The establishment of this level for so long a distance may mean only 
that the time did not suffice to fill to the 620-foot level the area newly left 
by the ice, and that the drainage was still south across Monson. I have 
assumed that the outlet was south across Palmer and then west, by the 
breaching of ‘the south end of the barrier (b*), and around the north foot 
of Bald Peak into the Ellis Mills Valley, perhaps carried along the north 
slope of Bald Peak and held up to 530 feet by the ice. 


THE WARE AND SWIFT RIVER LAKES. 


It seems quite plain, however, that a more effective washout occurred 
when the ice barrier (b*) yielded just south of Mount Dumpling and all 
the waters of the Ware River Valley swept west of Wapples station and past 
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Palmer Center and then along south of Mount Dumpling, directly into the 
Ellis Mills Pass, forming the deep channel cut in the sands along this lme, 
which is in places worn down to the till. This channel remains practically 
intact for a long distance north and south of Palmer Center. 

With the melting of the ice back to b®, the lower reaches of the Swift 
River Valley were set free, the Ware River passed out through the 
gorge at Thorndyke instead of by way of Palmer Center, and the Ellis 
Mills drainage was fully established. That portion of b° abutting on 
Mount Dumpling is a massive moraine, but the ice front seems soon to 
have extended more nearly north and south, between the portion repre- 
sented east of Bonds village and the part south of Three Rivers. The new 
level thus established by the Ellis Mills Pass of 390 to 400 feet is manifest 
in terraces (1s) rising from that level as one goes east up the Quaboag or 
the Monson Brook. The broad sands of Ware Valley hardly rise above 
500 feet, as they are followed northeast far beyond the limits of the map, 
and from them a lobe extends northward up Beaver Brook and past its 
headwaters, to connect with the broad Orange-Enfield sands. 

A striking proof of the contention on page 569, that the earlier East 
Palmer-Monson lake beds did not fill the northern half of the Monson 
Valley and that the waters were at this later time held up to the 400-foot 
level in the empty valley, is found in the perfectly formed sand spit at the 
400-foot level which projects westward halfway across the mouth of the 
Monson Valley just south of Quaboag. This has just the form which 
would result from the passage of the main current west past the slack 
water still standing in the Monson Valley to the south. 

The Swift River, for a long way above Bonds village, runs now in a 
deep and narrow valley cut in the till, but high up on its side are the broad 
sands rising to 400 feet which belong to the series under consideration. 
On following these sands eastward to the point where the Central Railroad 
crosses the ice barrier (b*), one sees that they sink by a sudden irregular 
slope 30 feet, down to the level of the Belchertown sands, along the line 
where they were supported by the ice of this barrier. These sands may 
be traced a long way north, following, at a level high above the present 
stream, the West Branch of the Swift River, and branching with the 
stream at Enfield to blend with the extensive Orange-Enfield sands. The 
main stream of Swift River here passes through a remarkable gorge cut 
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obliquely across the high ridge that separates the narrow West Branch 
Valley on the west from the broad flat-bottomed Orange-Enfield basin on 
the east. 

The effect of the ice front as it rested here is seen clearly in the 
filling of the Beaver Brook channel (in the northeast corner of the Palmer 
quadrangle and crossing the middle of Ware), which extends south into the 
Ware River Valley. An inspection of the map will show that this channel 
is the direct continuation of the Orange-Enfield valley, and it is probable 
that this longitudinal valley was deeply excavated in pre-Glacial times 
along the course of Beaver Brook, the north-south portion of the Ware 
River, and southward past Calkins Pond and the Monson Valley into the 
Willimansett Valley. 

The effect of the ice in this position is further seen in the filling of the 
high-lying valley which runs south along the east slope of Quabin Hill, 
which rises south of Enfield. 

The sands that pass up the West Branch of Swift River go beyond its 
head waters and end at Wendell Center, on the divide between the Chicopee 
and Millers river drainages, in an instructive way-me(see p, 574.) The 
broader sands of the Enfield basin go across Hampshire County into Frank- 
lin County and end at Orange, as far north as, but much lower than, the 
West Branch sands. 

On the map I have given a single color (1s) to all the sands here dis- 
cussed, because they form a continuous series with uniform slopes and 
because they were plainly formed by a continuous series of events which 
can not in mapping be conveniently subdivided. It is, however, probable 
that these two valleys—the West Branch and the Orange-Enfield—remained 
main drainage arteries until Millers River, far in the north, was set free of 
ice, and thus long after the Ellis Mills outlet was exchanged for the perma- 
nent Chicopee River outlet. 

It seems, however, that the broad basin was in a sense filled stepwise 
from south to north, so that when the outlet was transferred from the Ellis 
Mills Valley to the Chicopee River Valley the Swift River began to cut 
through the sands already deposited and the upper portion of the basin 
remained still a catchment area for the flood waters. I deduce this from 
the fact that the sands of the Belchertown plains, which have clear relation 
to the present drainage outlet at Three Rivers; are derived entirely from 


572 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


Jabish Brook, next west, and Swift River seems to have joined this brook 
from out its gorge in the till, with its waters clarified in an upper catch- 
ment basin. The Orange-Enfield basin has thus in a sense an independent 
history. 

It is, of course, true that the waters swept sands down this broad 
basin during all the time the ice was melting up it. It is further probable 
that the final body of sand was swept into the basin and the final molding 
and forming of its surface, especially in its northern part, was effected 
when the ice had abandoned it and still clogged Millers River lower 
down than the head of the basin, so as to allow the drainage of the upper 
part of the river to enter this basin at its northeast corner and also to 
turn back the lower drainage of the river into the northwest corner of the 
same broad valley. | 

The village of Orange stands at the northwest corner of this area of 
flat sands and gravels, of which the railroad, thence east nearly to Athol, 4 
miles, is closely the northern boundary, and which extends south, with an 
average width of nearly 2 miles, across New Salem, Greenwich, Prescott, 
aud Knfield, to the gorge already described (see p 570), by which its waters 
escaped southwestward. We find the indication of a large and simultane- 
ous influx of waters from the northeast and northwest corners very clear. 

The sands are 494 feet above the sea at the railroad station at 


Orange—about their lowest level. They continue east for a long distance 
as level, fine sands, and north to the foot of the rocky slopes, where there 
was no drainage to bring in material. East, within a mile of the Narrows, 
below Athol, one comes on the face of a great delta (occupied by Millers 
River) sent out into the plain, terraced on its front at a height of about 30 
feet above the plain below, but reaching a height of 60 feet at the delta 
front and rising slightly to the Narrows. On the north the delta extended 
across the mouth of a small valley, ponding the waters back and forming 


extensive clay beds, in which the following section was exposed. 


Section in brickyard at the Narrows, in Athol. 


. Feet 
Thin sands « ..s\ <:G0 See EO enh Se) ors ee ee ee 6 
Buff clays 2 Ls 2 Va-uhs cca hw eet aivke fee teyiore © cto cat op tel 6 
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On the west the indication of the influx of the waters is equally clear. 


THE WARE AND SWIFT KIVER LAKES. Ha) 


From Wendell depot up (b”, Pl. XX XV, C), the high level sands were 
formerly plainly continuous across the valley. Their inner structure indicates 
a flow to the east and their upper surface slopes in this direction. They 
are about 90 feet high at the Moss Brook delta. At the Scotts or Orcutts 
Brook delta, next east and opposite this latter, they extend down the 
Holshire Road Valley, the next valley on the south parallel to and west of 
the main channel, at a height of 75 feet above the plain, filling this valley 
with a great body of sands and gravels, which are beautifully kettle-holed 
south of North Pond, and which extend south to join the main Orange- 
Enfield channel in New Salem. 

The high sands which thus fill the Holshire Road Valley extend round 
the north spur of Walnut Hill, which separates this valley from the main 
Orange Valley, and project out freely into the latter in a delta which 
matches that at the other corner and which along the north side of the 
river is confluent with the delta of Fall Hill Brook, on which the cemetery 
is built. 

A section of the sands east of Orange showed a great thickness of fine 
sands with the cross-bedding dipping eastward; above this a bed, about 2 
feet thick, of very fine sands. This was covered in turn with coarse sands 
of about the same thickness, the boundary between the two beds being 
very irregular and the structure indicating a delta front advancing from 
the west. | 

The last halting place of the ice in the Swift River drainage area.—The 
position of the ice on Millers River at the time of this last effective flood- 
ing of this portion of the area can be closely fixed at Wendell station (b”), 
and the coincident ice front can be traced across from the Connecticut to 
the northeast corner of Warwick by the following considerations: 

Going up Tannery Brook (a branch of Goddard Brook) from Montague 
village, one comes at the “height of land” on a broad area (1 p”) of heavy 
sands and gravels southwest of Dry Hill, bedded and with irregular surface. 
They extend down to where ice filling the Connecticut Valley would 
have stopped them, and there end abruptly. Off to the south a col west 
of Chestnut Hill determined their height and provided for their outflow; 
to the north they end at a schoolhouse (b", Pl. XXXV, C), and here one 
can look north down an open bowlder-covered valley, wholly free from 
sand, which must have been filled with ice when the sand beds just passed 
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over were deposited. Farther east Osgood Brook, in Wendell, has heavy 
sands at its south end, while, as before, the open valley to the north extend- 
ing to the Millers River Valley is bowlder-covered and free from sands. 
These sands terminate a little farther north than those last mentioned. 

Next east one may follow up the deep V-shaped valley of Wickett 
Brook from where it joins Millers River south and find it, although well 
fitted to retain sediments and although continued north of Millers River in 
a deep valley, to be bowlder-covered to the water’s edge. At a point a 
little north of the one reached in the last brook, the high-level bowldery 
gravels (1s) begin and increase and accompany the brook south to its 
headwaters west of Wendell Center and beyond, and, passing over the col 
in the deep continuous valley, they continue south to join the heavy sand 
beds north of Locks Pond. 

On the next brook east—a second Osgood Brook—the brook bed is till 
‘covered to a point nearly as far south, and then sands commence which run 
up the valley, increasing as the brook lessens, and, passing its col in the val- 
ley, as before, they are continued down the valley of Swift River. The 
streams which enter Millers River from the north, across Erving, opposite 
those described above, have inconsiderable sand deposits. Furthermore, 
the Millers River V alley up to Wendell station has small deposits of 
high-level sands.. With the next brook east, however, this is changed. 
The brooks thrust extensive deltas into the valley, and from this point on 
east the drainage was plainly eastward into the Orange basin, as will be 
detailed below. | 

Examining the upper waters of the first brook east (Moss Brook) com- 
ing down from the north, we see the sands begin on its western tributary 
a half mile above Harris Pond, and on the main stream at the mill pond 
(Lake Moore) southwest of Warwick Center, while the valley's above are 
empty of sands. Below these points the stream is bordered by heavy 
gravels and sands (1s), flat topped, with a width for a long distance of 150 
rods, expanding in the southwest of Warwick to a triangular sand plain 
more than a mile on a side before it enters its narrow gorge to reach the 
main valley. 

Following the brook still farther north through the narrow valley 
south of Mount Grace, we soon find it again bordered by broad sands, 
which expand to an extended sand plain that continues north of Warwick 
beyond the headwaters of this brook and that is soon trenched by the 
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upper waters of Mountain Brook, flowing north. Following this brook for 
a long distance with the sands, the latter end abruptly and overhang Sunny 
Valley, which was plainly filled with ice when these sands were laid down 
The bottom of Sunny Valley, far below, is also covered with the fine- 
grained, flat sands of a still later lake. 

On Tully River, the last of the series, the sands begin where, in the | 
east of Warwick, the Royalston road crosses the river (bs eb KV, CO), 
Above, the deep, open valley is continuous a long way north in two 
branches, favorably shaped and situated to receive and retain sands, but 
now covered with coarse bowlders. Drawing a line through the points 
thus fixed in the preceding paragraphs from T annery Brook in Montague 
(p. 573) to Tully River (see Pl. XX XV, C), and assumine—which admits 
of little doubt—that they represent points along a continuous ice front, we 
see that while the ice still projected in a lobe down the Connecticut Valley 
the ice front extended toward the northeast from Montague and pressed 
forward in a blunt lobe between Mount Grace in Warwick and Bear Hill 
in Wendell. See also page 604 for the continuation of this barrier on the 
west of the Connecticut Valley. 


THE CHICOPEE RIVER DRAINAGE. 


THE BELCHERTOWN LAKE. 


With the breaking down of the barriers (b°, Pl. XX XV, D) described 
above, the Quaboag, Ware, and Swift rivers were admitted to the Belcher- 
town plateau and became tributaries of the Belchertown Lake. Standing in 
the middle of the broad, square plain of fine sands which stretches east from 
Three Rivers, we are shut in on the east and south by high, rocky hills 
notched for the passage of the three streams mentioned above, and on the 
west by a broad, low ridge which on its west side slopes down to the valley 
of the Connecticut. At the southwest corner the western ridge sinks 
down, and the lake was ultimately drained at this point, the Chicopee River 
cutting a deep canyon in till and rock to join the Connecticut, and its 
three branches dissecting the old lake bottom and showing how great 
was the volume of sand gathered there. It was so great, indeed, that they 
nowhere cut through it. The lake extended up the valleys of each of these 
three rivers in the form of broad erosion plains on each side of the streams, 
commencing at the same level with the lake sands and rising slowly with 
the streams. 
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If we look north we see the sands divide on the ridge on which the 
village of Belchertown is built, an eastern lobe passing up the broad valley 
in which Jabish Brook now flows, the other running north at the western 
foot of the ridge. While the three southern streams were now normal 
tributaries of the lake, disturbed by ice only in their upper reaches or not 
‘ at all, these two northern lobes were the place of entrance of two tributary 
streams which came down in courses largely supplied by the ice itself. 

Following up the east of these lobes we find it continuing east of 
Belchertown village with a width of above half a mile, and northeast of the 
village widening into a still more extensive area of coarse sands of great 
thickness—a filled-up lake at a high level—and then continuing. northward 
in the narrow, deep valley of Jabish Brook as a broad sand flat on either 
side of and much higher than the brook and rising rapidly until, coming 
out on the higher ground, it widens and makes a broad curve to the west 
and again to the north, in the extreme north of Belchertown, and continues 
north in Pelham, through the high valley east of the asbestos mine, to join 
the high terrace in the Pelham basin described later (p. 578). When it 
makes the second curve to the north it sends down a lobe to the south, and 
it is here unsupported upon the west by any rocky shore line, but dips 
westward in a great terrace (b’, Pl. XXXV, J). It was here plainly sup- 
ported for a time by the ice which still filled the Connecticut Valley to the 
west, and on the breaching of this support the waters ran down along 
the west side of the ridge, instead of the east, as before, cutting a terrace 
in the sands already deposited, and, walled on the west by ice, joined the 
Belchertown Lake by the western lobe as detailed below, running south 
across the ice which filled the notch at the east end of the Holyoke range. 

Starting at its south end, one can follow the western lobe north past 
Belchertown village for nearly 3 miles, and at the railroad station it is 471 
feet above the sea. The low range then forming its western boundary sinks 
down to the level of the plateau, and the plateau itself comes to a sudden 
termination on a line (b*, Pl. XX XV, D) which runs northeast from the end 
of this range to join the Belchertown range. Standing anywhere on this 
line, one is at the north end of the sands, and looks down, across a broad, 
sloping area of till and rock, quite free from any covering of sands, upon a 
billowy surface of “reticulated ridges” at 337 feet above sea, which con- 
tain the Belchertown ponds, and lower, beyond these, to the west, upon the 
eastern edge of the highest terrace flat of the Connecticut at about 290 feet. 


THE BELCHERTOWN LAKE. Dit 


We have been following up a tributary of the Belchertown Lake to 
this place, and we find here that the ground drops away more than 150 feet 
below its level. Looking north through the pass formed by the east end 
of the Holyoke range and the continuation of the Belchertown ridge on 
our right, we see that the latter ridge, just north of the pass and above 
Dwight’s station, runs behind (east of) a new ridge (the ridges stand en 
échelon in reference to the valley of the Connecticut, having, as they run 
north, a little more easting than it). Between these ridges is a high valley, 
in which is the continuation northward of the stream bottom we are follow- 
ing, the two parts facing each other across the low pass of the Belchertown 
ponds like the broken ends of a Roman aqueduct. A mountain brook has 
now cut a deep gorge in this valley in till, which is almost as compact as 
rock, but this is only a central notch in a flat-bottomed valley which ends 
southwardly quite abruptly above Dwight’s station, and which is, in fact, 
the point in the eastern lobe just described (p. 576), where the breaching of 
the channel deflected the outflow down the west of the ridge to our place 
of observation. This channel is water-molded and covered with bars and 
sand flats, exactly as is its southern portion in Belchertown, and one may 
follow it up past the asbestos mine, east of which the rocky ridges are 
smoothed into reefs and covered by gravel bars, until it merges into the 
second great terrace (1 p, Pl. XXXV, C) of the Pelham basin. Standing 
here, or, better, on the east end of the Holyoke range, one can see that the 
ice must have still filled the valley of the Connecticut both north and south 
of the Holyoke range, and ‘must have rested with a depth of above 150 feet 
in the low pass of the Belchertown ponds, so that the stream draining the 
Pelham basin ran between the point where its bed breaks down suddenly 
above Dwight’s station to where it begins again in Belchertown, with its 
eastern bank the Belchertown ridge, its bottom and western bank of ice. 

It is clear, finally, that the melting of the ice back across the low 
western ranges which bounded the lake in Belchertown at last gave this 
body of water a new way of exit through the course of Broad Brook, which 
runs down through the middle of these ranges and joins the Chicopee where 
it turns south in the same longitudinal valley as that of the brook itself, 
and that the further retreat of the ice let the waters pass outside (west of) 


these ranges entirely 
MON XXIX——37 
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THE PELHAM LAKE AND ESKER. 


Opposite Amherst the frontal range of gneiss which bounds the valley 
is partly broken down, and a narrow portal opens into a great, rounded 
upland valley or clough, about conterminous with the boundaries of the 
town of Pelham. (See 1 p, 1 p’?, Pl. XXXV, C, and fig. 32.) North and 
south the high level is continuous and is grooved by shallow valleys. The 
two on the north admitted the glacial waters to the lake, the one on the: 
south gave them egress to the Belchertown Lake, as detailed a few para- 
graphs back (p. 576). 

The rocky bottom of the basin is about 560 to 580 feet above sea, and 
it is filled up with coarse till to a quite level surface at 640 to 650 feet, and 
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Fia. 32.—Pelham Lake section. A generalized section from Swift River to Fort River at East Street, drawn through 
Pelham, showing the different outlets of the Pelham lakes. 


this heavy deposit covers the whole southern slope of the basin. From 
any point high up on this slope, as on the road to the well-known mineral 
locality, the asbestos mine, one sees massive accumulations of sand, much 
of it very fine and all well sorted, which rise in a series of terraces of 
great regularity, with broad, flat surfaces and flat scarps, to a height of 
1,000 feet on the east side and 830 feet on the north and west sides of the 
basin, and are almost wholly wanting on the south side. Westward, the 
highest terraces end abruptly when they come to the entrance of the basin. 
At a lower level, 500 feet above sea, they seem to stretch, in the portal 
terrace, right across this entrance, like a great earthen dam—the narrow 
notch which the brook has cut being scarcely visible—and they dip steeply 
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down into the basin toward the east in a series of beautiful terraces, and 
on the opposite side descend in a series of terrace scarps and irregular 
slopes to the level of the normal high terrace of the Connecticut River, 
at 290 to 295 feet. . Looking across to the northern horizon, one sees two 
slight, broad depressions in the line which joins the eastern and western 
bounding ridges—by which the two roads pass north from Pelham to 
Shutesbury—and these mark the southern termini of two valleys by which 
_ the waters which deposited the sands entered the basin. Their elevation 
at the southern end, where they open into the basin and whence the terrace 
sands extend southwardly, is 820 feet above sea, and they run far north, 
rising slowly and showing abundant traces of the passage of the waters 
in their shape ‘and in the tails of sand which lie in ‘the lee of projecting 
rocks. 

But the most remarkable deposit of all is a great ridge (k) of yellow 
sand (see Pl. XIII), 40 to 50 feet high, which starts from the mouth of the 
eastern of these channels and stretches down the slope of the basin south- 
ward with sinuous course, bending at last westward and skirting the brook 
and running for a long distance out upon the till of the valley bottom, from 
which it is as sharply demarcated as a new railway embankment thrown 
across a grassy field. This ridge has sharp slopes on either side, and ends 
abruptly far in advance of the remaining terrace sands. Much of it isa 
rather coarse sand, or rather a sand with many pebbles, and rarely a great 
bowlder is embedded in it. It drops by great steps, so that one is at first 
uncertain whether to consider it an esker in the sense now current, or to 
think it a section of the ordinary terrace sands, from which streams cutting 
back into the mass on either side—their waters being held up to the sand 
level by the subjacent till—have removed so much of the loose material 
that this long ridge remains as an index of the former greater extension of 
the sands toward the center of the valley. 

The entire freedom of the broad bottom of the basin from sand or 
clay, and the great improbability that any such deposit has ever been 
present and been so entirely removed that no trace or indication of its 
presence or of any erosion by which it can have been removed is discern- 
ible, make it far more probable that the first explanation is the true one, 
and that it is a deposit in a temporary ice channel, dropped by the melting 
of the ice on the steep slope down which it now winds like a great snake. 
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Indeed, its uniform size for so long a distance scarcely admits of any other 
explanation. This is represented on Pl. XXXV, O, and its end appears in 
the section, fig. 32, p. 578. 

The next striking peculiarity is that, while the grand terraces are 
heaped high on the east, north, and west of the basin, and across its 
western portal, the flat bottom is, and has always been, bare till, and 
scarcely a trace of sand can be seen upon the south slopes—nowhere 
enough to mark the water stand. Finally, the highest terrace on the east, 
at 1,000 feet, has no counterpart on the other side. 

I have expressed upon the map (Pl. XXXV, C) the explanation which 
seems to me most plausible, so far as this was possible. In the first place, 
the highest sands on the east of the basin, at 1,000 feet, seem to have been 
deposited by waters coming down the eastern of the two northern valleys 
when the basin was still nearly filled with ice, and, as these sands are on 
the same level as the lowest portion of the ridge to the east, the waters 
would seem to have escaped east into the West Branch Valley. This 
lowest ground is just north of the section line. The ice barrier (br8 RE 
XXXV, C) placed on these lake beds (1 p’, Pl. XXXV, C) may well have 
been somewhat farther west, as the lower-level waters have worn into and 
terraced these sands on the west. 

Some temporary posture of the ice turned the waters of this eastern 
stream out across its surface in a course directed toward the portal, and 
the sand filling this channel sank to form the great esker as the ice melted. 
With the retreat of the ice from the basin the asbestos mine valley on 
its south rim was set free at.a level of 830 feet above the sea, furnishing 
a permanent waste weir for its waters south into the Belchertown Lake, 
along the course described on page 576, and as the ice still filled the whole 
Connecticut Valley opposite, it completed the barrier across the portal on 
the west. The lake basin was then rapidly filled by sands pushed south 
as great deltas from the two northern valleys, and the waters coming down 
from the north between the ice and the west slope of Hygeia entered the 
basin at the portal and sent a third delta into the basin, thus completing the 
terrace on the western side. The life of the lake at this stage was a very 
brief one, and when the deltas had advanced halfway across the bottom the 
ice barrier (b*) failed at the portal and the waters escaped, breaching the 
portal terrace and moving south by a channel, still well marked, which runs 
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south from the Orient House cellar. The duration of the waters was so 
brief that little or nothing was deposited upon the till over the center of the 
basin, or so little that it has been removed by wind and rain. Yet, starting 
from this flat bowlder-covered bottom of the basin, one toils up more than 
a mile over the slope of fine sand of the Shutesbury road to the top of the 
delta at the mouth of the western valley, and on the other side one can step 
from an ice-bowlder onto the steep sand slope of the esker, so sharp is the 
boundary. 

If one stands on the south slope of the valley and examines the great 
sand rampart already described, which is thrown across the portal, it seems 
still intact as when the ice left it. The narrow notch which the brook has 
cut deeply through it is barely visible. The terrace surfaces slope 5° east- 
ward into the basin across the portal, as they do in their northward pro- 
longation where they abut on the ridge of Hygeia to the west. 

Fortunately the ditch for the main of the Amherst waterworks ran 
from the west across the flat where the ice rested at the entrance of the 
portal (Pelham City), giving a complete section of the semimorainic beds 
that rested on the ice with all their irregularity. It continued past the 
Orient, exposing the passage beds to the fine delta sands, and, passing high 
up above the brook into the notch which this brook has cut into the portal 
or entrance terrace, it continued along its southern slope through the whole 
delta deposit and far out into the central portion of the basin. At first, and 
nearest the ice, the beds dipped west, and these may be “‘backset” beds, as 
Prof. W. M. Davis would say,’ or may have taken this posture as a result of 
the melting of the ice beneath and their sinking westwardly. For the 
most part the beds dip strongly east into the basin and show that the cur- 
rent came from the west—that is, from the ice. 

I append a detailed description of the beds, written when I had no 
clear view of the meaning of the whole. A describes the till-covered flat 
outside the portal; B, the sands and gravels deposited against and on the 
retaining wall of ice and confused by its melting, which occur in decreasing 
amount eastward; C, the finer eastward-dipping delta sands to their ending 
in the center of the lake. The section runs parallel to and a little north of 
the section given (fig. 32, p. 578) where the gneiss ridge southwest of the 


1 Beds taking this western dip because they were deposited by waters escaping from beneath 
the ice with eastward and upward direction. 


582 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


Orient cellar has dropped down and is covered with till, while the sands at 
the Orient cellar drop by a sharp slope to those of the highest terrace of the 
Hadley Lake. 

A.—At the first house in the west village of Pelham, about 320 feet 
above the sea level, the last trace of the highest bench of the Amherst 
basin (the Hadley Lake) disappeared, and through the village, eastward 
into the notch, the coarse till made the surface to the point where the 
Shutesbury road branches off, as has been described on page 581. 

B.—Here the till goes under sands and continues about horizontal or 
rising slightly for a long distance eastward, so that the increased elevation 
of the surface is to be referred wholly to the thickening of the overlying 
sands. 

Beginning at the Shutesbury road the sands are, for a distance, thin, 
and contain here and there a large stone—the largest, 1 foot in diameter. 
They then thicken to 70 feet (fig. 32), and hold this thickness past the 
Orient House cellar. Where they begin to thicken—at the house west of 
the Orient—clean-washed, dry, whitish sand appears in layers from 6 to 12 
inches thick, dipping 10° W., alternating with layers of washed gravel 2 
feet thick containing many pebbles up to 6 inches, and rarely one a foot, in 
diameter. The sand layers are evenly stratified and show no finer struc- 
ture. Sometimes a’sand layer waves up and down, and the gravel layer 
above thickens to fill the depression. A little farther east one layer of 
fine, well-washed gravel—the pebbles averaging 1 inch—erades westward 
into sand and eastward into 6-inch gravel. All along in front of the Orient 
House the cutting was mostly in sand, showing most beautiful and con- 
torted flow-and-plunge structure, the dip of the laminz being 20 to 30° E., 
as if urged by a rapid current from the west. 

Much of the way, however, the whole is thrown into great confusion. 
Layers of sand a foot thick, with fine false bedding, stand directly on their 
heads or are variously twisted in the gravel, or the sand cuts off vertically 
against the gravel, and vice versa. In one case a band of gravel 2 feet 
wide was intruded into the sand like a dike; in another a mass of sand 8 
feet wide occupied the same position in the gravel, as if the water had 
worn a channel in the frozen gravel and filled it with its own sands. 

Leaving the road at the Orient House the ditch passed across the 
flat field in front of the house, the beds growing finer in grain and the 
disturbances gradually diminishing. 
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Up to this point the section, after reaching the sand, has crossed the 
plain of the Orient House (shown in fig. 32, p. 578), a plain whose surface 
has been produced by a later erosion. The sands exposed in the cutting, 
however, are a part of the entrance terrace, and their irregularity seems 
due to their deposition against or upon a shifting barrier of ice. 

C.—From here the section continues at the level of this plain along the 
north slope of the notch cut by the brook in the portal terrace, about 40 
feet below the surface and 60 feet above the brook, and for a long distance 
runs in clean-washed, very fine white sand, laid horizontally in broad, flat 
lenticular masses, 1 to 6 inches thick and many feet long, with clayey 
boundaries which projected on slight weathering. It preserves everywhere 
its original delicate structure undisturbed. 

Eastward the hill is cut down by erosion and the ditch sinks on its side, 
showing these fine sands to be in great force and to rest upon till, through 
which the ditch passes a short distance and rises along the side of a second 
hill and continues in the sands. There was exposed the following section: 

1. Below, a very fine white sand, in layers 4 to 6 inches thick, which 
ran with very slight undulations for 20 feet or more, and, thinning out, were 
replaced by others. This was exposed in a thickness of 1 to 2 feet. 

2. Above, for 2 feet, was the same fine sand, but showing a most deli- 
cate and beautiful flow-and-plunge structure, the lamin dipping 20° E. 
Above, this sand is limited by an undulating surface of erosion upon which 
rests— 

3. Two feet of coarser sand, slightly reddish, with sharp regular cross 
bedding, which dips 30° E. By the weight of the sliding bank above, this 
has been compressed into curious corrugations. 

The ditch rises and sinks in the steep hillside, and the lower horizontal 
sands (1) can be traced for 40 rods eastward and are present in considerable 
thickness. The coarser sands (2) extend probably to the top of the hill, 
about 30 feet. 

A specimen of the sand taken from the lowest bed (1) was, when 
dried, like the finest corundum flour, and consisted of sharp, transparent 
quartz grains 0.03 to 0.04™" in diameter, with here and there a scale of 
wine-yellow biotite. 

The flow-and-plunge structure of the upper portion of the fine sand, 
dipping to the east, indicates a current coming from the west, and to this 
current we may attribute the erosion which prepared the surface upon 
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which the coarser sands (3) were deposited, and the eastern dip in these 
indicates also that the current continued to flow eastward, or toward the 


center of the lake. 
THE HADLEY LAKE DRAINAGE. 


THE LEVERETT LAKE AND THE NOTCH EAST OF MOUNT TOBY. 


The last of the considerable deposits (m t) at high level on the eastern 
side of the valley dependent upon the obstructed drainage which attended 
the retreat of the ice occupies the long, narrow valley along the west border 
of the Belchertown quadrangle, which runs north by the village of Leverett, 
along Pond Brook, and past the entrance to “Rattlesnake Gutter,” and 
extends south across the town line into Shutesbury, skirting Mount Boreas 
on the east and ending just south of this mountain, where, south of 42° 25’, 
the north branch of Fort River, which occupies the lake’s former outlet, 
passes into a canyon to reach the open valley above East Street village, in 
Amherst. This lake was early filled with sands, and the waters carried 
their surplus into the valley, contributing to form the abnormally abundant 
sands of the high terrace of the main valley a mile north of East Street 
village. One follows the heavy sands from Boreas northward, filling the 
valley clear across, until, just on the Leverett line, they are carried away 
entirely by Roaring Brook, which comes out of the mountains on the east 
and has worn out a deep circular basin in the lake deposits, cutting them 
clear across, and escapes through a deep, narrow transverse valley into the 
valley of the Connecticut. The high lake beds extend a little way down 
this valley and stop abruptly, and it is clear that the lake could have 
existed only so long as the ice remained to dam this outlet. Two miles 
north of Leverett Center and opposite Rattlesnake Gutter, there is a passage 
connecting it with the deep valley which runs down the east side of Mount 
Toby, and by which the waters which entered this latter valley were 
diverted into the Leverett Lake. . 

The lay of the beds in this Mount Toby Valley is very peculiar and 
interesting; a deep water-cut canyon runs the whole length of the valley 
between the conglomerate and the crystalline rocks, and as a brook runs 
south in its southern part and another north in its northern portion, while 
its center is without flowing water, it is clear that it was not formed by 
the present streams. 
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In the portion of the valley south of the entrance of the side valley 
from the Leverett Lake this canyon is bordered by rough ledges and till. 
North of this the sands coming out of the side valley fill the main valley 
from side to side with a great volume of coarse-sands, cut only by the 
northward prolongation of the canyon already noted. These sands _pre- 
serve for a long way a flat surface, but as they approach the north end of 
the Mount Toby Valley they become gradually kettle-holed on a grand 
scale, and as the valley widens the sands widen also and preserve their 
height, 400 feet above sea, until they rest against the northernmost spur of 
Mount Toby on the west and extend up along the mountain side on the 
east, above the notch by which Locks Brook comes out of the mountains, 
and a remnant still runs up into this notch. They end abruptly along a 
broad curve (b", Pl. XXXV, ©), concave to northward, and sink down by 
a slope as steep as sand will take to the level of the high terrace (336 feet 
above tide) which formed the shore flats of the Montague Lake (see p. 615). 

It seems to me clear that the ice that filled the Montague basin pressed 
into the north end of the Mount Toby Valley, compelling the waters of 
Locks Brook (or Sawmill Brook) to find their way southwardly down this 
valley and clogging the northern portion of the valley with heavy sands; 
and so far south as the kettle-holes extend, so far south the snout of the 
ice was projected into the valley and heavily covered by the sands—the 
kettle-holes bemg a measure of the portion which still remained unmelted 
beneath the sands when the further recession of the ice allowed Locks 
Brook to run directly westward into the Connecticut, while the great con- 
eave slope which bounds these sands (b", Pl. XX XV, C) on the north marks 
the shore line of the thicker ice, against which the sands were piled. 

The waters running southward through the canyon already described 
cut a deep and narrow channel in the jointed quartzite, where they seem 
to have formed rapids, and at one place a distinct waterfall. They left no 
deposits in this narrow part, but found it in flood time an insufficient outlet 
and turned eastward through the side valley into the Leverett Lake, clog- 
ging this with abundant sands. At the south end of this Mount Toby 
canyon there remains on either side of its widened mouth a delta deposit 
of rounded bowlders, 6 to 8 inches in size, from which all finer material is 
removed, as a witness of the violence of the current, and farther south the 
broad, level South Leverett plain (1s h), west of Leverett railway station, 
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gives evidence of the volume of the sands which were carried through this 
narrow gorge to form the massive delta thrust into the main valley which 
now remains as a most important portion of the shore bench of the Con- 
necticut Lake (see p. 639). 


THE LOCKS POND LAKE. 


Following up Locks Brook into the mountains, we find high sands 
bordering it with every widening of the narrow valley at all levels until 
we reach the top of the hills and come upon the broad basin of finely sorted 
sands surrounding Locks Pond. These I have already connected with the 
line of sands which can be traced southward through Pelham to Palmer. 
It is clear, thus, that the ice retreated down this valley, but that its shape 
did not favor the formation of extended deposits, and its position as a deep 
transverse gorge extending quite across the block of hills between the Con- 
necticut and Swift River valleys was such that it intercepted all southward 
currents so soon as it was free from ice, and it is curious to see how by 
devious ways it deposited its burden, now in the Leverett Lake, now in the 
broad delta at the south end of the Mount Toby Valley, now clogging up 
the northern end of the latter, while at the last it has contributed very little 
to the filling up.of the Montague basin, into which it now enters from the 
mountains. 

Locks Pond now lies in the midst of a broad accumulation of fine 
sands (1 p”) which, followed eastward by the road to the Mineral Springs 
House, ends abruptly on the verge of the steep descent to the Swift River 
Valley, and this seems to have been at one time an outlet for the lake and 
to have controlled the height of its waters. 


NOTCHES THROUGH THE HOLYOKE RANGE AND THE LAKE NORTH OF 
MOODY CORNERS. 

The manner in which the Belchertown notch was occupied by the 
Pelham River, and in which, by the expansion of this river into the 
Dwight’s station lake, its waters came to occupy also the next pass west— 
the Bay Road Pass—is detailed in the section on p. 577. These events 
were the prelude to the complete occupancy of the valley by the lake 
waters, but at earlier times, immediately following the emergence of the 
range from the ice, the passes were used as transient watercourses, though 
no line of esker ridges extends north or south from any one of them. 
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THE GRANBY ROAD LAKE. 


At the second pass west of the Belchertown ponds, occupied by the 
little-used road from Amherst to Granby, there expands in the center of the 
pass a broad, flat plain of stratified sands (m t) at a level of 410 feet above 
sea. The western half is well preserved. The eastern half has been deeply 
notched by the waters of a spring-fed brook which escape toward the 
north. North and south the road goes down over till to the lower and 
later sands, but toward the south the watercourse by which the overflow 
passed into the basin to the south is well marked by thin layers of sand and 


gravel. 
THE NOTCH. 


In the middle of the east-west portion of the range a pass 463 feet 
above sea level has traces of coarse-bedded sands in its bottom, and is con- 
tinued south in a deep canyon cut in the sandstones and underlying diabase, 
down the side of which the road goes. This canyon I imagine to have 
been cut by a torrent coming off the ice to the north and through the 
notch, or at least to have been occupied and enlarged by such a stream. 
(See p. 510 and PI. XI, p. 510.) 


THE LOW PLACE AND MOODY CORNERS LAKE. 


Farther west and just east of the Holyoke House is another pass, which 
is, however, turned east by the great mass of the Black Rocks diabase, 
and the waters coming through this pass in the same way seem to have 
supplied the sands which filled up a small lake (m t) that extended east and 
west between the two diabase ridges north of Moody Corners. This lake 
stood at the height of 314 feet and drained from its west end southwardly 
across the eastern tongue of the Black Rock dike where it is narrowest, and 
it was filled with sands to great depth, the earlier sandstone having been 
very deeply scooped out here by the ice. 


THE HOLYOKE NOTCH. 


The same flood waters continued farther west, and passed at this high 
level between the ice and Mount Holyoke into the Springfield Lake, form- 
ing the gorge terrace of Dry Brook Hill described on page 661. 
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THE PELHAM RIVER AND THE “MORAINE TERRACE” SANDS ALONG THE 
EASTERN VALLEY SIDE, JUST ABOVE THE LEVEL OF THE HIGH TERRACE. 

The continued melting of the ice at last restricted it to the Connecticut 
Valley, and melting back from the steep rim of the valley on the east it 
formed a great waterway all along the eastern side of the Amherst basin, 
which continued south through the Belchertown notch along the eastern 
edge of the Springfield basin. In it was deposited a great body of sand and 
eravel (m t), occupying the position of a lateral moraine of the Connecticut 
Valley glacier, but having rather the origin and structure of an esker. It 
was a great temporary river bed, its eastern bank being the mountain side, 
its western in part the low front ranges of the gneiss, ridges of till, and the 
eastern end of the Holyoke range, but for the most part the eastern rim of 
the great ice mass which still filled the valley and formed for much of the 
way the bottom as well as the western bank of the stream. The heavy 
sands deposited by this stream, where they rested upon a rock bottom, are 
still flat-topped and rest against the rock on the east, with all the peculi- 
arities of a river-bottom deposit, at a height of 50 to 60 feet above the 
highest terrace of the Connecticut Lake which followed. This is true on 
the West Pelham plain, and southward along the eastern part of the deposit, 
while its western portion seems to have rested on the ice, and as the ice 
melted this was dropped to lower and lower levels, its bedding being 
much shifted and confused by the process until it came to rest in a great 
series of kettle-holed sands stretching down to and below the level of the 
highest normal terrace of the Connecticut. This latter also has abundant 
kettle-holes, from which I conclude that the deeply buried remnants of 
the ice had not wholly disappeared when the great lake assumed its place 
and entered upon its work of carving out its terrace flat in these kame 
deposits. | 

The normal terrace or bench of the Connecticut Lake is determined by 
its agreement in level with the highest terrace on the other side of the valley, 
where great deltas of the finest material, most delicately stratified, mark 
the highest level of the waters, and where one passes from these directly 
onto rock or till without crossing the complicated series of bedded deposits 
on the eastern side which I have described. 


1Tt is the ‘‘ moraine terrace” ‘of President Hitchcock, an extremely apposite name, showing that 
be had very clearly grasped the peculiarities of its formation. Surface Geology, page 33, 1860. 
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The excavations of the Central Railroad on either side of Dwight’s 
station and through the Belchertown notch gave me abundant opportunity 
to study the anatomy of these sands, and especially the peculiarities of the 
kettle-holes, and this material, with matter derived from other portions of 
the valley, I have brought together in Chapter XIX, page 665. 

Ihave given the same color to all the kame-like sands (1) which stretch 
southward at the foot of the eastern rim of the valley just above the high- 
est normal terrace, (2) which extend along the north and west slope of the 
Holyoke range, and (8) which rise in the central parts of the valley 
above the level of the terrace flat. The first and most interesting series, to 
which I have given for convenience of reference the name of the Pelham 
River, from the place where its remnants are best preserved, is continuously 
traceable from North Amherst through the Belchertown notch, and from this 
point great disconnected patches of entirely similar sands and gravels occur 
at the foot of the eastern valley rim south across the State; and while one 
can not assert that they were laid down exactly contemporaneously in the 
bed of a single glacial river, the fact that they maintain just the same slope 
as the high terrace makes that the most simple supposition. At all events, 
their common origin—for they were all deposited between the ice and the 
valley rim—is sufficiently probable to justify a common color for them all. 

The deposits of the Pelham River begin just south of North Amherst 
and swing round east with the curvature of the rocky slope to the point 
where the stream received the waters of the Leverett Lake (p. 584). The 
Pelham Lake drained into this stream, breaching the last great terrace 
which had stretched across the mouth of the basin, and the stream itself 
wore deeply eastward into the soft material of this terrace, forming the 
flat on which the Orient House stood (fig. 32, p. 578), and ran south from 
here, bounded for a long way on the west by the gneiss ridge which 
extends south from the west village of Pelham, and washed the side of 
the mountain on the east to a height of 400 feet. It is a perfect water 
course, which farther south lacks a western boundary, it having here rested 
against the ice (b”, Pl. XX XV, C, D), and where it passes into Belchertown 
a massive drumlin forms its western rim, and it now ends in a great delta 
thrust out into the depression in which Dwight’s station lies. As one stands 
on the eastern end of the Holyoke range and looks north, one sees this delta 
resting against the mountain on the east and against the low dam of the 
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drift hill on the west, while at a much lower level the high terrace of the 
Connecticut Lake swings round the drift hill on the west and south. This 
was the last chapter in the history of the stream. This delta was caused 
by a breaching of the stream at this point by the melting back of the ice to 
leave a small temporary lake in its course, in the angle in which Dwight’s 
station now lies, for the stream during its earlier stage seems to have flowed 
across this depression upon the surface of the ice, and its heavy sands are 
continuous at the proper level along the flank of the Pelham Hills east of 
Dwight’s station, across from the delta to the sands of the Belchertown Pass, 
and a section of them is figured and described in the section on kettle-holes 
(p. 665). Through the Belchertown Pass it threw down the abundant 
sands and gravels which stretch from wall to wall of the pass and extend 
through its entire length. Their greatest height is 337 feet, though many 
kettle-holes, some of the largest size, disguise the original level of the 
sands. ‘The three Belchertown ponds occupy three of these depressions. 

The railroad cuttings showed most confused and tortuous stratification, 
abrupt alternation from fine sand in great mass to the coarsest gravel, great 
bodies of fine sand standing with the bedding almost vertical, as if they had 
been undermined when frozen, and kettle-holes, some partly and some 
wholly filled up by later sands, as if the ice beneath had melted away while 
the floods were still in progress. 

We may at this point imagine, for the sake of clearness, the following 
stages in the retreat of the ice from the Springfield Lake basin, or the 
Granby basin, which is a part of the former, premising that the ice would 
disappear south of the mountain much earlier than north: (1) When the. 
ice had only melted away from the eastern rim, so as to make a waterway 
continuous south from the Belchertown notch along the foot of the 
eastern valley rim; (2) when the ice had melted away from the south face 
of the Holyoke range; (8) when the ice had melted back from the north 
face of the same range for a small distance. We imagine the ice to still fill 
the whole valley of the Connecticut and to prevail over the western hills, 
but to have disappeared from the eastern. 

1. In the first case the waters passing through the Belchertown notch 
would have continued southward, and we find, after a brief interruption, 
coarse kettle-holed sands, which commence at P. Chandler's, opposite the 
lower pond, at 326 feet above sea, and are quite continuous across Granby, 
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often developed as lines of kame ridges or as reticulated ridges, in part 
bounded on the west by a line of drumlins, as opposite the Belchertown 
poorhouse, in part sloping down directly to the high lake terrace. 

On passing the north line of Ludlow a great area of till, leaning on the 
high rock border on the east, projects west across the path of the water- 
course we are following. Across this area there is a channel of proper height 
to have been the continuation of the same, but I found here only indistinct 
traces of water action. South of this, however, before one reaches the vil- 
lage of Ludlow, is a broad area, which extends southward beneath the village 
and to the Chicopee River, of the same high sands, which have come for the 
most part down Broad Brook, and partly also down the Chicopee River from 
the Belchertown Lake. The same sands appear south of the Chicopee and 
extend in less amount across Wilbraham. 

2. With the melting back of the ice from the southern slope of the 
Holyoke range the waters passing through the Belchertown notch would 
be deflected westward and southwestward, along the south foot of the range, 
to fill up the deeply eroded area that extends past Moody Corners clear 
to the Connecticut, which has since been partly reexcavated by Bachelors 
and Elmers brooks; and as the ice retreated still more the waters would 
carry their load of sand and gravel directly into the wide Granby basin to 
build up the broad plain surrounding Forge Pond. The present condition 
of the gravels extending south from the notch makes it certain that this was 
the last course of the waters. The coarse gravels extending through the 
notch where they surround the third pond are still very coarse, pebbles 6 
inches in diameter being abundant. Here the gorge expands and the 
gravels extend across the widening basin, growing gradually finer. Halfway 
to the east line of the town (Granby) they are 4-nch gravels; at the town 
line, 2-inch gravels; where the wood road cuts deeply into them north of 
Moody Corners and in South Hadley they are exposed for 35 feet as fine, 
well-bedded sands. 

3. By the melting back of the ice from the north side of the Holyoke 
range the river expanded lake-like along its northern foot and, aided by 
waters coming directly across the ice, a great body of sand was rapidly 
carried in here. This extends west just beyond the “notch road” to South 
Hadley and stretches through the much lower notch near the east end of 
the range, and is continuous with the sands in the Belchertown notch. 
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4, Finally the waters expanded so considerably that the Pelham River 
emptied into the lake thus formed, building the delta already described 
above Dwight’s station, and soon disappearing. 


THE SUNNY VALLEY LAKE. 


The only other large accumulation of glacial sands on the eastern side 
of the river occupied the Sunny Valley in the northern part of Warwick, 
and extended across into Winchester, New Hampshire, and was drained by 
the Valley Brook into the Perchee Brook and thus into the Connecticut. 
This lies for the most part outside the limits set in this work. 


THE SANDS ALONG THE WEST SIDE OF THE MOUNT TOM RANGE AND IN THE 
WESTFIELD BASIN ABOVE THE LEVEL OF THE HIGH TERRACE. 


The sands which rest against the northern slope of the Holyoke range 
extend west to a point a little beyond the notch road, and are conspicuously 
absent from the rest of the north face of the range farther west. This may 
indicate the distance west to which the waters penetrated from the Dwight’s 
station lake, or enlargement of the Pelham River (see p. 589), or these 
sands may have extended farther west and have been swept away by the 
later lake waters. Sands at the same level above the high terrace begin 
again on the west side of the river, just east of the old road to the Nonotuck 
Mountain House, and extend thence along the whole face’ of the Mount 
Tom range in Northampton and Easthampton, in a great mass of ridgy 
sands and gravels, in which the high terrace flat of the lake is cut. Similar 
sands at the same level also cover White Loaf, in Southampton, and the 
ridge east, which rise as islands in the broad sand flats of the Hampden 
plains. They are not given on the map. They had clearly a common 
origin, having been swept in between the mountain and the ice, or off the 
ice onto these islands after the ice had uncovered them, and they stood out 
like nunataks above it. They have served a common purpose in the later 
economy of the valley, as they furnished, I have no doubt, a large portion 
of the material carried south by the two channels on either side of White 
Loat, and spread as coarse gravels around Hampden ponds, which dwindle 
farther south in the broad plain to the fine sands of ‘Poverty Plain,” here, 
of course, reenforced by the abundant contributions of the Westfield rivers. 


EAT ee R MOR OV OT de Te 


THE CHAMPLAIN PERIOD (Conrmuzp). 
GLACIAL LAKES WEST OF THE CONNECTICUT RIVER. 


THE GRANVILLE LAKE. 


As the ice retreated northwesterly, still sending great lobes down the 
Connecticut and down the Westfield River, it abandoned the high valley 
which occupies the whole middle of the town of Granville, while its Con- 
necticut lobe still closed the outlet of this valley at the northeast corner of 
the town and the gap of Munns Brook, which is cut so curiously through 
the middle of the eastern rim of the valley. This rim is caused by the 
greater durability of the vertical schists of which it is made, which strike 
north and south and form an impassable barrier along the whole eastern 
side of the town, except that it is cut asunder by this deep notch in its 
middle, down which a road once ran. 

This broad valley, which extends across the whole length of the town 
and a long way into Connecticut, was filled by a great body of sands, now 
finely terraced down by brooks which run out of the basin on the north, 
east, and south (g I’, Pl. XXXV,B). Its height is plainly determined by 
its southern outlet, where the brook has a rocky bottom, and it is clear that 
when the sands filled the basin the northeast and the east outlets (b°) must 
have been closed, since, on being opened, the brooks which occupy them 
cut down deeply through the sands before they reached the rocky bottom 
of these outlets, proving that the latter were preexistent and deep enough 
to have kept the waters at a much lower level if they had been open. 


THE NORTH GRANVILLE LAKE. 


Another lake of great extent stretches from Granville into Blandford, 
surrounding Cobble Mountain (¢ I). Its coarse sands reach a ereat 


depth. It was drained by the setting free of the South Branch of the 
MON XXIx——38 . 593 
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Westfield River through the wildest gorge in Massachusetts, deeply rock 
cut, and abounding in very large potholes. One is inclined to surmise that 
some portion of this erosion may date from Glacial or early post-Glacial 


time. 
THE WESTHAMPTON LAKE. 


A much more extensive and interesting lake than the one mentioned 
in the last paragraph occupied, at a much lower level, all the eastern part of 
Westhampton, about the headwaters of the Manhan River (g I’, Pl. XX XV, B). 
It wound sinuously among great islands of granite, and extended south into 
Easthampton, where it passed over a rocky sluiceway, which fixed its level, 
into the headwaters of the South Branch of the Manhan. From Loudville 
south into Southampton, around the east flank of Great Mountain, the sands 
of this lake extend out freely into the Connecticut Valley, without rocky 
support on the east, and end in a terrace scarp, below which a broad slope 
of till extends down 170 feet to the normal high terrace of the Connecticut 
Lake. It is plain that the ice of the Connecticut River glacier furnished 
the bank of the lake within these limits (b’). This was at its greatest 
size. Subsequently it seems to have persisted, with diminished boundaries, 
and to have received the overflow from the Williamsburg Lake, farther 
north, when the ice had retreated north so as to set this free, and so to have 
for a long time retained connection with a long and complicated series of 
watercourses, which extended back north to the valley of the Deerfield River, 
and ceased to be occupied when this valley was abandoned by the ice. . 

So soon, however, as the ice set free the gorge at Loudville the lake 
was tapped in its upper portion, and the greater part of its area is now drained 
through this channel. Two watersheds, however, developed in this area, 
one at the south, setting off a portion to be drained by the South Branch of 
the Manhan, and another at the north, which drains through the Roberts 
Meadow Brook into the Mill River. These streams, especially the middle 
ones, have cut a fine set of upland terraces in the sands of the ancient lake, 
and as one sees these brooks leave their upland meadows and plunge into 
deep gorges on their way to the valley below, one is inclined to ask how far 
these gorges were preexistent and how far they have been cut by the streams 
since the time of the lake. In some cases the disappearance of the lake may 
have been due to such a cutting down rather than to the removal of an ice 
barrier or the sudden sealing up of the sources of the glacial waters. I have 
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for the most part used the latter as a working hypothesis. In several 
places, as in the Connecticut gorge above the mouth of Millers River, much 
erosion of the rocks has taken place since the time of the lakes. 


THE WILLIAMSBURG LAKE. ~ 


The Mill River at Williamsburg village has cut its terraces in a great 
body of coarse sand, whose flat surface is 33 feet above the stream. TIntil 
the ice had so far melted back that the Deerfield River was open, the over- 
flow of the Ashfield and Conway lakes, described below, reached this lake 
by way of Mill River and Joe Wright’s brook, respectively, though, as the 
waters left in their passage through these narrow gorges no deposits to attest 
their former presence, there is on the map an apparent break in the conti- 
nuity of the deposits between them, of considerable extent in the case of Mill 
River. The proof of this former continuity is given in the description of 
the other lakes. 

The sands of this lake (g I’, Pl. XX XV, A) can be followed down South 
street to the south line of the town, where they divide, one band going 
south to join the Westhampton Lake, the other southeast in Northampton to 
where it widened into the Roberts Meadow Lake, whose waters regained the 
valley of the Mill River at Leeds, and also passed south into the valley of 
the Connecticut, down the deep, empty gorge west of Roberts Hills. This 
gorge has, as in so many other cases, a brook heading in its bottom and 
running north, and another brook heading farther south and running south, 
while the gorge is continuous and of uniform size and depth from the 
Roberts Meadow basin to the open Connecticut Valley. It seems to me a 
product of subglacial drainage or of the obstructed post-Glacial drainage I 


am. here tracing. 
THE BEAVER BROOK LAKE ABOVE LEEDS. 


This small lake lay encircled by high hills in the east part of Williams- 
burg and was drained by a deep gorge through which the brook above 
named now flows to join the Mill River at Leeds. 

THE DEERFIELD RIVER LAKES. 

The obstructed drainage south of the Deerfield River (Pl. XXXV, A) 
was most curious and complex. That it was, mutatis mutandis, the counter- 
part of the drainage south from the Millers River (p. 573) comes out very 
clearly. The ice melted back across the high, irregular area south of the 
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river with a front rudely east and west, or a little north of east and south 
of west, and the deep transverse valley of the river runs northwest, while 
deep longitudinal valleys extend south from it. The ice thus set free the 
lower portions of the Deerfield Valley first, but the Connecticut River gla- 
cier dammed its mouth for a long time, thus turning the waters south across 
Conway to form the Conway Lake, south of Bardwells Ferry, whose waters 
escaped south across Hampshire County to enter the valley of the Con- 
necticut by way of the southward ramifications of the Williamsburg Lake. 

At the same time the ice had set free the Deerfield up nearly to the 
mouth of Bear River in Conway, and still sent a lobe up this valley for some 
distance, from the south end of which the waters escaped that formed the 
broad Bear River Lake, seen in the middle of Pl. XX XV, A, which drained 
into the Ashfield Lake. This latter was supplied by a lobe of the glacier 
which, west of Shelburne Falls, followed up Clessons Brook to beyond 
Buckland Center (b“). This lake drained east into the Conway Lake and 
south by way of the headwaters of the Mill River into the Williamsburg 
Lake. Still farther west the waters gathering from the ice which filled the 
Deerfield Valley below escaped southeastwardly from the extreme north- 
eastern corner of Hawley and followed Clessons Brook down as the preced- 
ing current followed it up, and the two currents met at the sharp bend of 
the stream at Buckland Four Corners and joined to form the Ashfield Lake 
mentioned above. Another current from the ice going south up the valley 
of Chickley River formed the lake which occupied the middle of Hawley. 
For this lake I could discover no southward outlet, but no doubt one existed. 

Three points will be noticed in regard to this drainage: (1) The waters 
moved up old valleys and filled them to a level determined by passes far 
to the south, over which the waters continued into another drainage basin ; 
(2) after the retreat of the ice, brooks heading up near these divides ran 
north, carrying back north a good portion of the gravels which had been 
carried south; (8) it is only near the mouth of the Deerfield River that the 
deposits of these lakes extend north to the river itself; farther west they 
begin some distance south and the valleys between their beginnings and 
the river are empty and bowlder strewn, while on the east side of the Con- 
necticut the opposite order holds, viz: at the head of Millers River the 
corresponding deposits extend up to the river and beyond it to the north, 
in its middle course up to the river and in its lower parts not quite up to 
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the stream. In the following more minute description of these lakes more 
stress is laid upon the shiftings of the ice front during the formation of each 
lake and on the character of its deposits. 


THE DEERFIELD RIVER AND ITS TRIBUTARIES ON THE NORTH. 


This stream lies so nearly in the direction of the melting of the ice 
that it was a main channel for the exit of its waters, and was not itself 
encumbered, except that once the readvance of the ice in the Connecticut 
Valley threw a dam across its mouth. The same is true in the main of its 
northern branches. 

The deep, tortuous, and most picturesque valley of the Deerfield 
widens slightly in Charlemont and Shelburne, and here a considerable body 
of sand was gathered, and in several places pretty series of intermediate 
terraces have been cut in this deposit of the flood period and above the 
present flood plain of the river. Exactly as in Russell the Westfield River 
encircled a great hill in midstream, so the flooded Deerfield surrounded a 
great hill in Shelburne, and the railroad makes a short cut through the 
abandoned waterway. 

Below Shelburne Falls the river runs in a deep canyon till it reaches 
the Connecticut, and it is hard to say whether the great height of the 
Charlemont-Shelburne beds is due entirely to the setting back of the waters 
above this deep, narrow gorge or partly to possible ice dams. In all this 
distance there are only traces of terraces referable to the flood period or to 
any subsequent time, but the stream runs deep in a rocky gorge. 

It is characteristic also of the streams that enter the Deerfield from the 
north that either they were open waterways during the melting of the ice— 
and they are therefore now deeply sunk in empty valleys with traces of 
their high flood terraces in coarse gravel beds left as remnants in sheltered 
places and with narrow and interrupted flood plains—or they seem to have 
been occupied by the ice during the height of the flood, at least in their 
upper reaches, and so are wholly empty of anything except till above the 
low level of recent flooding. This seems to have been the case with the 
Deerfield itself above the tunnel entrance, and fine terminal moraines (1m) 
have been thrown across the stream at several places during the recession 
of this last lobe of the ice. 

The curious “delta terraces” which appear where the tributaries on the 
north side meet the main stream are discussed elsewhere (see p. 605). 
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The tributaries on the south side have for the most part cut their way 
through heavy glacial lake deposits, and their facies is thus extremely dif- 
ferent from the north-side tributaries, as the former are bordered in their 
upper courses by broad, heavy deposits of high-level sands and gravels in 
which they have cut their terraces, while on the north the streams come 
down in narrow gorges, and only in Coleraine does one widen to form any 
considerable meadow. This in part explains why Conway and Ashfield 
are more flourishing villages than the northern tier of towns from Leyden 
to Monroe. 

THE CONWAY LAKE. 

Just at the Conway station the train crosses at a dizzy height the South 
River where it enters the Deerfield. The station is about at the level at 
which the waters stood at their highest flood after they had obtained free pas- 
sage to the Connecticut. The Deerfield now runs in its rocky bed nearly 200 
feet below, and the road from the station toils up over heavy sands another 
hundred feet to a broad, level area of sand, bounded on the south, east, and 
north by the South and Deerfield rivers, which, when the ice obstruction 
(b¥, Pl. XXXV, A) below was removed, cut down through these sands into 
the rock so quickly that they did not wear back at all into the sands. A 
great triangle between the rivers, bounded on the west by the road from the 
South River to the Deerfield, and a mile on a side, is occupied by this great 
body of sands (g 1’); in its eastern and larger part it is quite horizontal, at 
about 460 feet above sea, while in its western part the sand rises nearly 100 
feet higher and is covered by till, as if, at an earlier stage of the lake, the 
waters had stood above this higher level and brought up the sands to that 
level, and then oscillations of the ice brought in a covering of till over part 
of the area and determined then or later a lower level for the lake, down to 
which its sands were terraced. The area requires more study than I could 
give it. The sands at this lower level are continuous as a broad band south, 
up the valley of the South River, widening over the area of the village of 
Conway and receiving there a body of sands which extend up the South 
River through Burkville, in that part of its valley which runs northwest. 

The South River enters the town running east, and holds this direc- — 
tion a mile (the latter part is an empty valley); then it bends south a 
mile to Conway, and in this part it was occupied by a glacial current which 
moved south to meet at Conway village the current moving south up the 
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valley of South River from the station. It seems to me probable that when 
the ice first melted out of the great triangle at the station it still filled the 
deep valley at and north of Conway village, while the Connecticut glacier 
dammed up the mouth of the Deerfield and held the waters up to a height of 
perhaps 550 feet. After this the ice abandoned the South River Valley as 
far west as the first bend in the river mentioned, above a mile from the west 
line of the town. Then the waters, passing down the two lobes of this val- 
ley and joining where the village now is, filled the valley to the height of 
the ground where the academy stands, and all the area to the south (now 
reemptied by erosion), and escaped southwardly by the narrow pass by 
which the main road goes south into Whately. As one goes south from 
Conway he sees the broad, level gravel plains, 100 feet above the village, 
which surround the town and extend south, passing continuously and at the 
same level into the flat, plainly waterworn bottom of the narrow canyon, 
and it is clear that this canyon has fixed the level of the lake. We follow 
this watercourse southward easily and find it expanding into a lake around 
the headwaters of Roaring Brook, and branching to follow this valley 
down a mile southeast, ending abruptly. The Connecticut glacier would 
seem to have still clogged this valley, and I have so represented it (b", PI. 
XXXV, A). The main stream channel continues south into Whately and, 
reaching the headwaters of West Brook, widens considerably and then con- 
tracts at West Whately, where it bends sharply west into Williamsburg. It 
is quite remarkable that it should thus bend, for the open West Brook Val- 
ley turns here toward the east, and, after 50 rods of empty valley way, 

expands on either side of the brook’s bed; and 200 feet below the sands of 
the above watercourse a great area of heavy sorted gravels begins, which 
continues southeast with the brook for a mile, widening to above a half 
mile and ending abruptly with a great scarp which overlooks a broad, sand- 
less valley. Remnants of ice on the east of the main-valley watercourse 
must have kept it out of the Roaring Brook Valley, as above, and also 
deflected it at West Whately (b"), and the ice, being breached, let the 
waters through in a flood, which dropped this great volume of gravel as 
it expanded into the open valley after the manner discussed under the 
section concerning high-level deltas (p. 605), or the ice may have erected 
a later barrier lower down the valley (b”). In Williamsburg the stream 
expanded into another basin, now a broad sand plain, and escaped south 
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through a curious narrow canyon, in the bottom of which Wright’s brook 
now rises from a large spring. Down the course of this brook the waters 
passed to join those of the Williamsburg Lake. 


THE BEAR RIVER LAKE. 


The fullness with which all the evidence concerning the formation of 
the deposits in this basin can be traced leaves little to be desired. The 
basin is a broad one, extending, with its greatest dimension east and west, 
across the line between Ashfield and Conway (middle of Pl. XXXV, A). 
It is surrounded on all sides by high ground, except a narrow passage at 
the northeast corner, and sends three great lobes northward among the hills. 
In its southern part it is filled to a great height by an enormous volume of 
coarse sand, especially in the area around the cemetery at School No. 2. 
The height to which these sands were brought up was determined by the 
height of the col at the southwest portion of the basin by which the waters 
escaped into the Ashfield Lake along the road which runs south to Ashfield 
Plains. These sands were brought in while the ice was retreating from the 
valley and still filled its northern parts, as in all the northern portions of the 
basin the sands occupy a lower level, and it is plain that they were never 
heaped up to the height of the south-side sands and then eroded. It is there- 
fore probable that the north side of the basin was still filled with ice when 
the latter were brought in, as they must have come from the north. 

When the ice had completely left this basin it marked its next halting 
place with beautiful clearness. The water maintained its former level after 
this retreat, this being conditioned by the col in the southwest corner. It 
carved a broad bench in the till around the north border of the lake and 
brought in great® bodies of sand over its bottom, but not enough to fill it. 
If these sands are followed to the northeast corner of the basin, they are 
found to extend a distance along a narrow rock-bottomed valley, scarcely 
covering the rocky floor. The rock bottom of the valley then sinks rap-. 
idly, while the sands widen somewhat and continue at the old level, thus 
filling the deepened valley with beds of very great thickness. At a cer- 
tain point in this valley they end abruptly (b"), and one goes down by 
a great lobed scarp to the deep valley bottom, and for 100 rods down- 
stream (northwardly) the steep valley sides are strewn with glacial bowlders 
to the water’s edge. These sands are grooved in the middle by the Bear 
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River, which has cut a deep passageway through them. The small river 
goes on for a mile north in a deep, sandless, bowlder-strewn valley to join 
the Deerfield. 

It is plain that the ice dammed this valley and that the sands were 
heaped up against it, and that it then retreated and left the sands to cave 
into the great northward-facing scarp after the changes in the ice farther 
up the Deerfield Kiver had opened up other channels of escape for the 


waters. 
THE ASHFIELD LAKE. 


The great bodies of flat sands in the middle of Ashfield (middle of Pl. 
XXXYV, A) have naturally, in this extremely hilly country, given the vil- 
lage the name of Ashfield Plains. The Ashfield Lake is represented by a 
peculiar body of sand surrounding a great rocky hill which overlooks the 
village. At South Ashfield it turned west and drained down a long valley 
to the east into Conway, and from this point I was uncertain as to its 
course. The valley it has followed to this point (South River Valley) runs 
east into the Conway Lake. It is empty of sands for a mile, and then 
begin deposits which are continuous into the Conway Lake. 

The Ashfield beds seem to turn south just at the town line, up a branch 
of the South River, whose valley they fill for a long way south, to the 
southwest corner of the Greenfield quadrangle, and then repeat the opera- 
tion already described at the north end of Bear River Lake (p. 600). 
The valley in which we are following up the deposits ends in a cul-de- 
sac, but is continued southward at a much higher level by two valleys, 
one of which runs through a corner of Plainfield and along the east of 
Moores Hill, in Goshen, in a narrow canyon, and thence down the steep 
slope into Williamsburg Lake, and the other more directly south, by City 
Pond, into the valley of Mill River, and into the same lake. I have 
represented the deposits in disconnected patches in both these courses, 
because much of the way the valleys are so narrow that all traces of these 
earlier occupants have been swept out by the wild floods of the present 
brooks. It is, of course, probable that the Williamsburg Lake came into 
existence as soon as the ice melted back from it, and that, as the ice 
retreated, the two courses I have last traced were long used by waters at 
various stages of this retreat. I am here, however, following out the last 
occupation before the opening of the Deerfield River. 
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It is also quite possible that the Ashfield Lake did drain into the Con- 
way Lake, flowing back south to fill the cul-de-sac described above with- 
out overflowing to the south, and that for a mile east along the South 
River Valley it left no deposits. My attention was not closely directed to 
the point when on the ground, and my opinion was formed from a view of 
the entire area from the top of the highest hill after I had gone carefully 
over the whole region. 


THE BUCKLAND LAKE. 


If we follow the outer contours of the Ashfield Lake where the sands 
border on the rocks, we shall find them converging just north of Great 
Pond upon a narrow, rocky canyon, and it is plain that the waters came 
through this passage for a long time and with great force, bringing the 
sands which extend south from its mouth. The drainage of Great Pond 
is southward, but a small rise of its waters would send it north through 
this gorge. On entering this gorge one expects it to rise among the hills 
and terminate as a mountain glen, and expects to find the brook which has 
brought down the great volume of sand, but a short distance north the 
valley widens somewhat and sinks 300 feet with great suddenness, so that 
it has been very difficult to carry the road down to its bottom. One sees 
immediately that the ice must haye filled this deep valley (b”, Pl. XXXV, 
A) when the waters swept across its back and through the narrow gorge 
bearing the great volume of sands which now form the Ashfield Plains, for 
otherwise the deep valley to the north must have been filled first. That it 
was not filled and then reeroded is certain from its bare, rocky, and bowlder- 
covered sides and from the abundant openings made by the new road car- 
ried down to the valley bottom. Taking this road, we go down sharply to 
the valley bottom over till, and along the bottom for a short way also over 
till, when we come suddenly upon a great bank of fine, well-bedded sands, 
about 33 feet high, with a slope as regular as an earthwork, facing us (i. e., 
facing south), and extending right across the valley and resting against its 
walls. Itis like a dam, only breached at the center by a brook which runs 
north, and we seem to be in the bottom of an abandoned mill pond. Climb- 
ing to the top of the slope, we find it is the southern termination of a great 
body of sand which once filled the valley from this point north across Buck- 
land to Buckland Center, and which, though now largely eroded, can be 
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easily followed to this point and not farther. It maintains a level about 
200 feet below the Ashfield Lake and 100 feet above the Deerfield River 
terraces. 

It is clear that after filling this lower valley for a long time and allow- 
ing the waters to transport the great body of sand into the Ashfield Lake the 
ice retreated north to Buckland Center and stood there for a time (b‘), 
maintaining a lake of great depth, which still drained through the narrow 
canyon and across the sands of the Ashfield Plains, producing the excep- 
tionally large amount of erosion of these sands, while the sands advancing 
along its own bottom were checked when the waters passed into the narrow 
gorge, and were dropped so suddenly that a steep, submerged delta front 
was formed. Exactly this has been happening now for several years at 
Millers Falls, where, to improve the railroad, the river above has been 
turned into a new course for a distance through deep sands, and has thus a 
great amount of material at its disposal, and a broad, flat bar extending 
across stream is creeping down into the deep water above the dam, pre- 
senting a sharply sloping delta front to the obstructing dam, as do the 
sands here to the obstructing gorge. 

At their south end these lower sands are at first fine grained, well sorted, 
cross bedded, and undisturbed; northward they are soon changed to coarser 
sand, the surface becomes pitted with kettle-holes, and the sands grow coarser 
and become coarse gravel. At last glacial bowlders are intermixed and 
the sand is twisted and tortuous in stratification, and it seems almost to 
grade into till, as if bowlders were carried south with masses of ice by 
the waters and mingled with the sands, or as if the ice itself had advanced 
with many oscillations and disturbed the sands (b‘). 

The ice here postulated (b“) was a lobe sent southward from ice 
which then filled the Deerfield River Valley and much of the high ground 
north of the river. Another lobe projecting southward in a much shorter 
valley, and one rising very rapidly to the high level, produced another con- 
siderable accumulation of sand in the extreme northeast corner of Hawley, 
at the headwaters of Ruddock Brook, which passes down the valley of 
Clessons Brook to join the sand described already as extending south 
from Buckland Center up the same brook. They join at the south line of 
the town (at Buckland Four Corners), and run across Ashfield to the delta 
front described above. 
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THE LAST IMPORTANT HALTING PLACE OF THE ICE FRONT ACROSS THE 
BASIN OF THE DEERFIELD RIVER. 


On page 573 I have traced the southern boundary of the ice at its last 
marked halt across the eastern half of Franklin County, and a similar line 
may be drawn across the western half of the county by connecting the ice 
barriers which formed the northern limit of the glacial lakes south of the 
Deerfield and kept the deep valleys tributary to this river empty in their 
lower (northern) reaches across from Coleraine to Monroe. 

Directly opposite the barrier on Dry Hill, in Montague, on the east of 
the Connecticut River, is the great barrier above Bardwells Ferry (b™) on 
the west, and these may be looked upon as two synchronous halting places 
of the ice front. Between these the lobe of the ice, which at the same time 
extended down the Connecticut Valley, may have been thrust into the 
clays south of Deerfield to produce the disturbances at the Wapping cut- 
ting figured on Pl. XVIII (p. 694). West of Bardwells are the Bear River 
barrier (b*), that at Buckland Four Corners (b‘), that on Ruddock 
Brook (b"), and that above West Hawley (b”). 

The moraine across the valley of the Deerfield above the mouth of 
Hoosac Tunnel (d) lies in the continuation of the curved line which joins 
these ice barriers, and as these barriers on both sides of the river represent a 
time when the ice halted for an unusual time, and as they lie along a single 
curved line, one may assume that they represent a single and exceptionally 
long halting place of the ice. 


GLACIAL LAKES NORTH OF THE DEERFIELD. 


The Hawley Lake requires no special mention (see Pl. XX XV, A), and 
the high-level sands at the mouth of the tributaries of the Deerfield on the 
north are described below. Besides these there is an interesting lake of 
small dimensions west of Shelburne Center, extending to the river and 
formed when the Deerfield Valley glacial lobe projected beyond the present 
mouth of Sluice Brook, throwing back its waters into a lake which drained 
over a rocky sluice running east from near the cemetery toward the sawmill 
south of Shelburne Center. 

Also in Charlemont, when the Deerfield Valley glacier extended just 
beyond the village, the waters of Mill Brook were thrown east ata high 
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level round the north of Bald Mountain and down the valley of Hartwells 
Brook. . 

One finds few other traces of obstructed drainage marked by stratified 
deposits of any extent across the high ground to the north line of the State. 


HIGH-LEVEL DELTAS. 


When the reservoir of Mill River broke through the dam at Williams- 
burg, in 1874, the waters spread out fan-like after their first plunge in the 
area, a few rods below the dam, and, rapidly losing momentum, they were 
in effect suddenly overloaded and deposited immediately a portion of the 
sand they were transporting, in an extended flat-topped layer 1 to 38 feet 
thick, pushed forward in broad lobe-like projections and bordered down- 
stream by a sharp terrace slope of 30°. 

All the streams which come down from the high grounds on the west 
side of the basin in Westhampton, Northampton, Goshen, Williamsburg, 
and Whately have here and there in their course torrent deposits of a 
size all out of proportion to their present dimensions, especially where the 
streams, after running through narrow channels, debouch into broad, level 
portions of their valleys. 

I am inclined to refer all these deposits to occasional violent floods when 
the ice was melting in the upper part of the drainage area of the brooks 
where they are found, and think they may have been made much as were 
the smaller terraces described above by the flooded Mill River in modern 
times. At the same time, each one of them may have been formed while a 
barrier of ice still filled the main valley and blocked up the mouths of these 
east-west valleys, forming glacial lakes like those described above. 

There is one of these deltas on the upper portion of the Sawmill Brook, 
on the road from West Farms to Westhampton. It hangs in a remarkable 
way over the broad valley, into which the stream passes here from between 
the hills, its downstream slope being 40°, and its broad, flat surface 40 to 
50 feet above the brook. It is brought out flush with the surface of the hills 
on either side of the brook, as if it had been built up against a wall of ice 
resting against these hills and filling the valleys below. 

Two other deltas are found in the upper waters of the Mill River in 
Goshen, one at the first road crossing above the reservoir, where the brook 
comes out of a narrow gorge in granitic rocks. This is pushed out into the 
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valley, with broad, flat surface and steep downstream slope, and the stream 
has now cut a deep channel in it to its base. he other occurs about a mile 
below the reservoir on the same brook and east of Hubbard’s ledge. This 
is much larger than the one higher up, and its surface will include several 
hundred acres. 

It is a very curious circumstance that every brook coming into either 
of the transverse valleys of the Deerfield and Westfield rivers from the 
north is flanked at its mouth by a distinct terrace, generally triangular from 
the flaring of the valley, 65 to 100 feet above the stream, and now divided 
down its center by the deep cutting of the brook. At the villages of Charle- 
mont, Zoar, Orange, and Huntington are fine examples. ‘The explanation 
that they were caused by the ice lobe coming down the valley and being 
thrown across the mouth of the side stream is nowhere excluded by any- 
thing I have seen, but it seemed to me possible that they might owe their 
origin to sudden floods of overladen waters into the open valley in the 
manner described above. 

The features at Charlemont admit of an easy interpretation upon this 
supposition; opposite the entrance of the tributary, and on the south side of 
the Deerfield River, the high rocky border of the river is set back in a large 
semicircle, and the south half of this semicircle is still occupied by a great 
body of sand and gravel, whose level surface slopes south as if in continua- 
tion of the slope of the delta terrace on the other side of the main stream 
and flanking the tributary. Indeed, if one could restore in imagination what 
must, on this hypothesis, have been removed by the main stream and by 
the tributary itself, the great body of sand would form an alluvial fan extend- 
ing right across the valley of the Deerfield into the great cirque described 
above, the southern portion of which fan has since been separated from the 
rest by the erosion of the Deerfield. However, a southward-sloping terrace 
on the south side of the Deerfield would not be an impossibility, and the 
rock of the region is so monotonous that it gives no clew to the source of the 
sand. These terraces were called delta terraces by President Hitchcock. 

In order not to multiply colors, I have colored these delta terraces with 
the same shade as that which would be applied to them if they were “glacial 
lakes” —that is, sands deposited by the obstructed drainage during the retreat 
of the ice. 


1 Surface Geology, p. 32. 
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CHARACTER OF THE TERRACED FLOOD DEPOSITS OF THE WESTFIELD 
RIVER. 

From the point where it leaves the gates of the mountain on the west 
line of Westfield, the Westfield River is bordered by high-level, coarse beds 
along the narrow valley sides, which widen somewhat where lateral valleys 
come in, as at Russell, Huntington, and Chester. The valley narrows above 


Fig. 33.—Section of terminal moraine covered by high-level flood gravels of the Westfield River. Thenorth slope is caused 
by caving from the erosion of the river. Russell, just below station. 


Chester, becomes a canyon between Becket and Washington, widens broadly 
across Hinsdale, and joins the Housatonic Valley in Dalton with increased 
width. ‘The canyon is a low water-parting. The whole central part of Hins- 
dale is deeply covered by the stratified beds of a glacial lake which received 
its waters from the Housatonic Valley while the ice clogged the lower portion 
of that valley, and discharged them through the canyon of the Westfield. 
It thus follows that the 
Westfield Valley was for 
a time the recipient of the 
deflected drainage of the 
upper Housatonic after | Es BCL a 

the ice had disappeared Za = SSS LLLP Zh 
from its own headwaters, : NEE 
and the many bowlders and 
pebbles of Cheshire quartz- 


ate Sound: COW" (idevalley wn da. sana bowlder crashed by the ice while-frozen, from just south of, 
confirm this deduction. the telegraph pole seen at the left in fig. 33. 

An extremely interesting section was opened by the Boston and Albany 
Railroad, in 1895, just east of Russell, which throws light on the way in 
which the terraced beds in the valley of the Westfield were built up, as 
shown in fig. 33. 

In the upstream portion of the section the lower half is a complete 
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terminal moraine, the large angular bowlders being abundant. In the upper 
portion of this moraine are curious separate areas of stratified sand, discon- 
tinuous and much twisted in the unstratified mass of the moraine. One of 
these is shown in fig. 34. These seem to be plainly parts of a stratum of 
sand washed upon the broad, flat moraine and then, while frozen, broken 
into blocks by the farther advance of the ice and mixed with the other 
bowlders of the till. This shows the presence of a lobe of the ice, moving 
as a valley glacier down the Westfield Valley and halting at this point. 

The second matter which is well illustrated is the long-continued, 
steady, torrential flow, and the high level of the Westfield River during the 
time immediately following, while the stream was receiving the waters from 
the melting ice. 

On the downstream side (the right of fig. 33) the current quickly filled 
up the area in the lee of the moraine with strongly cross-bedded sands of 
medium grain, and above this extends for many rods a bed, 20 feet thick, 
of well-sorted and well-rounded 6-inch gravel, in perfectly horizontal beds. 
There is rarely a pebble above 8 inches across, and almost everything below 
2 inches across is washed out of the bed. One gets here another side of 
the activity of the strong stream which brought the great volume of sands 
to build up the broad plains of Westfield and Southwick. 


CHAPTER XIX. 


THE CHAMPLAIN PERIOD (Coyrinuzp). 


THE CONNECTICUT RIVER LAKES. 
INTRODUCTION. 


“About 4 miles above South Hadley the Connecticut passes between 
the two large mountains, Tom and Holyoke, having apparently made here 
in ancient times a breach in this range and forced its passage. By the old 
people in Northampton I was informed many years since of an Indian tra- 
dition that the great valley north of these mountains was once a lake. The 
story is certainly not improbable. From an attentive survey of the country 
along this river, I have no difficulty in believing that a chain of lakes occu- 
pied the several expansions at some distant period of time. Here certainly 
the general geography of the country and the particular appearance of the 
scenery near the river are favorable to this opinion.”! This is the earliest 
geological discussion of the subject. Still more interesting is the earliest 
discussion by President Hitchcock of the ancient lakes of the Connecticut,’ 
which he believed to have been drained by the cutting down of the gorge 
below Middletown, Connecticut, and their lessened remnants drained in 
turn by the cutting of the notches in the trap ridges. 

The abundant deposits of the glacial lakes of the region east of the 
river in the main antedate those of the valley itself; those of the lakes to 
the west are more strictly synchronous with, or perhaps a little later than, 
the valley deposits. 

That the ice was thrust forward as a valley glacier beyond the front of 
the inland ice appears clear from the disposition of the lower of these lake 
and stream deposits (mt, Pl. XXXV, C, D) along the eastern border (see 
p. 588). That it was thrust forward into deep water in the valley, in its 


1 President Timothy Dwight’s Travels in New England, Vol. I, 1822, p. 325, 
*Am. Jour. Sci., Ist series, Vol. VII, 1824, p. 16. 
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oscillations overriding beds already deposited, and that it ““calved” and sent 
icebergs down the valley, will appear in the description of the valley beds 
here given. Because of the peculiar .configuration of the valley, this is 
most plainly discernible in the Hadley basin, less so in the Springfield 
basin to the south, and in the Montague basin, though in the last it can 
be clearly proved. 

One must recall briefly the shape of the Connecticut Valley, as already 
defined (p. 9), while occupied by the Triassic sandstones, and as now reoc- 
cupied by the Connecticut lakes. The eastern rocky bluff runs south one 
point west from Northfield to Mount Toby, turns on this and runs south- 
west by south, but more irregularly, to the Belchertown Ponds at the east 
end of Mount Holyoke, and then south to the south line of the State. 

The western line runs from near the river in Vernon south through 
West Northfield, turns west across Bernardston and along the north line of 
Greenfield to its northwest corner, where, near the mouth of Leyden Glen, 
Mrs. Williams was killed by the Indiansin 1718. It turns southward again 
along the west border of the town. Greenfield was laid out so as to include 
all the flat country, and the barren hills were left for Shelburne and 
Leyden. The line goes south to Elizabeth Rock, in Northampton, at the 
apex of the “big bend” of the Connecticut.. Here it is set back west 
again, as before, to include Northampton, and goes on one point west of 
south to the south line of the State in Southwick. 

The T-shaped Holyoke range cut off the Springfield basin, and the 
L-shaped Deerfield-Toby range cut off the Montague basin on the south 
and north, respectively, from the Hadley basin. So that, south of the 
Holyoke range, the area was greatly sheltered from the ice so soon as it 
sank below the crest of the range, and the ice in the Hadley basin was 
projected into the southern continuation of the latter along the western foot 
of this range, as the southwesterly strize there indicate. 

On the other hand, a separate lobe of the ice occupied the main valley 
of the Connecticut in the Montague basin, and another lobe occupied the 
northwestern lateral extension of the Hadley basin in Deerfield and Green- 
field, the latter lingering longest in Greenfield—indeed, till after the maxi- 
mum of the flood had passed. 

The waters occupied the basin while it was still largely encumbered 
with the remnants of the glacial ice, and during all the time of the deposition 
of the central clays floating ice was abundant. The occurrence of arctic 
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plants in the upper portion of the clays is in harmony with this state of 
things, and the many kettle-holes in the high terrace of this age are in part 
due to masses of ice covered deeply by the sands of unusual, floods and 
remaining for long periods in the frozen soil. Wemay be reasonably sure 
also that no time elapsed between the disappearance of the ice and the full 
occupancy of the valley by the flood waters. The frontal lobe of the ice 
was buoyed up and floated away in the advancing waters. 

From the first disappearance of the ice the waters were never lower 
than 180 feet above sea level in the central part of the State until after the 
culmination of the flood period, when the waters began to settle to their 
present level, because over the broad area where the clays have been left 
undisturbed they are continuous from this level downward, and show no 
intercalation of pebble or sand beds and no interruption of their regular 
lamination, and they extend clear across the valley from the Pelham range 
to Northampton. : 

While these “Champlain” clays were being laid down over the broad 
bottom of the valley its swollen tributaries were bringing in coarse mate- 
rial along its borders, and the waters of the lake itself were eating into its 
banks, sweeping off the loose glacial débris and wearing narrow shelves 
in the rocks themselves, and especially cutting deep into the sides of the 
great drumlins which are so abundant on both sides of the valley, and 
carrying the material so gained out into deeper water. It is quite certain 
that but a small portion of these shoreward deposits have been carried far 
south by the flooded river itself. They are the confluent deltas of its .trib- 
utaries. Where we can trace the layers of the clay and their delicate sand 
partings shoreward, we find the latter growing coarser and thicker, and 
passing continuously into the thick sand and gravel layers which form the 
“front set” beds of the deltas and bars. The fine flat clay layers continue 
on unthickened up the delta fronts, more and more separated by the thick- 
ened sand layers, and grade into fine sand or are prolonged only as the 
partings between the thick sand or gravel beds. Hence we may be sure 
that the great body of the central clays is strictly contemporaneous with 
the great body of the shoreward gravels, and that the whole has the 
character of a lake deposit. 

We shall need all the light we can obtain in our attempt to reproduce 
the history of the valley from the reestablishment of the drainage to the 
subsidence of the waters. ‘The stream may have been at first like the body 
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of water which flows out from under one of the Greenland glaciers; then, 
like the great river Yukon, with its vast volume and lakelike expansions, 
and finally, like the Rhone, heading in a glacier among our smaller New 
England Alps. As we trace around the valley the great bench which 
represents the completed work of the chain of lakes, we must imagine the 
waters up to and over its level, the tributaries entering at its outer border,’ 
and the deep notches they have cut in the bench, as in later time they 
followed the lessening waters toward the center of the basin, again filled to 
its level. We must restore also many smaller gulches cut in the bench 
where there are now no running streams. We must be on our guard for 
places where, from want of material or the rapid flow of the waters in con- 
tracted places, the bench was not built up to the full level, and, most 
difficult, must try to form some estimate of the amount carried away or 
rearranged by the river itself as it sank from its greatest height to its 
present level. We must inquire also whether kame material—stratified 
beds formed while the ice still held the waters above their normal level— 
does not blend with and disguise the true terrace of later time, and from 
a study of the inner structure of the beds must seek to learn whether it 
rose gradually to, or asserted from the first, its highest level. 

In no part does the map need more to be supplemented by sections 
than here, for it can show only those portions of the lake-shore deposit 
which have escaped degradation and of the lake-bottom beds which have not 
been molded anew by the river into terraces of a later time and covered by 
the layers of river-bottom sands and loess (t*t*, Pl. XX XV), which have 
for the most part thinly concealed rather than replaced the more massive 
deposits’ of thisage. ‘The word “terrace’—which we employ in geological 
discussions with a latitude of meaning for the most part useful but some- 
times liable to be misleading or indefinite, and which from the great develop- 
ment of this structural form along the Connecticut always suggests here the 
ordinary river-erosion terraces—I am inclined to replace by the word 
“bench” in the following descriptions, to emphasize the many points of 
distinction between the highest level. as compared with the remaining 
levels we pass over in going down from the high ground to the river. 

If we take a single terrace lower in the series for examination, we shall 
find it a plain sloping with the river and bordered on the side away from 


‘Outside 1s h on Pl. XXXV. 
*SeeG. K. Gilbert, Outlet of Lake Bonneville: Am. Jour. Sci., 3d series, Vol. XIX, 1880, p. 341. 
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the latter by a scarp rising up from the terrace (the bank of the river 
when the terrace was part of its bottom), and limited toward the river by a 
descending scarp which was the river bank at a later time, generally when 
the terrace made part of its flood plain. Corresponding to this, we shall 
find the plain covered with the meadow loam laid down in the floods of the 
river, and under this loam the strong river-bottom sands of an earlier date, 
the last underlain unconformably by older deposits which the river had not 
reached and eroded while it flowed above them. 

On the other hand, we shall find the highest terrace or bench bounded 
outwardly by a slope which, as to its material and structure, has no relation 
to the river. At most, the river has undermined this more or less exten- 
sively at the water level, and, by caving, an escarpment of till, sandstone, 
or gneiss has resulted. The terrace itself, widening into extensive sand 
or gravel plains where the alluvial cones or deltas of the side streams were 
thrust out into the lake, narrows in places remote from these, and its level 
is often represented by shelves in the sandstone scarcely covered by sands, 
or in the till deeply concealed by gravels concentrated from the till itself. 
Pursuing the same level, we soon come upon the continuation of the normal 
sand beds which make the bulk of the bench. 

Inwardly, however—that is, toward the center of the lake—especially 
around all the Hadley basin and its prolongation in the Deerfield and East- 
hampton valleys, the terrace is for the most part bounded, not by an 
escarpment of steep and constant pitch—an abandoned river bank—but by 
the slope of passage from shallow to deep water. This is sharpest and most 
constant on the face of the large deltas (but here of less angle than in the 
former case, as the highest angle at which sands come to rest under water is 
less than that assumed in air), less and less marked in other places, until at 
last the case occurs where from the rocky bank the sands pass with gentle 
and continuous slope to the deepest central line, where was the thread of 
the current, and rise in the same way to the opposite bank. 

This slope of passage I have called a scarp of deposition, or, as locally 
synonymous therewith, the delta front, in contradistinction from the ordi- 
nary scarp of erosion. On the map the normal high terrace or bench 
(ls h, Pl. XX XV) and its widening into great delta flats are not separately 
indicated. One passes by a scarp of deposition to the broad area of the 


old lake bottom (1 b t), which was synchronous with the bench itself. 
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The three great water areas indicated already were sufficiently broad 
and sufficiently separated to justify one in calling them lakes, and these two 
terraces would then be called the lake-shore and the lake-bottom deposits 
(lshand1bt). This is further justified by the lakelike mode of accumu- 
lation of the sediments in these areas, and allows me to use the term ‘old 
river bottoms” for the abandoned beds of streams in old oxbows. 

The second terrace or the old lake bottom, unlike the other terraces, is 
a surface depending, not upon the level of the water at the time of its forma- 
tion, but upon the water level and the amount of material. The valley 
widens southwardly, which has the same effect as if the supply of material 
decreased in this direction. As a result, the lake-bottom level sinks gradu- 
ally as one proceeds toward the south relatively to the lake bench, or the 
deposition scarp which separates the two increases in height. The third 
terrace, counting from the shore line, is generally the uppermost flood plain 
of the normal Connecticut River. 

This brings about the curious result that the second and third terraces 
change places as we go south, the change taking place between the Mon- 
tague and the Hadley lakes; that is, the Montague Lake was a filled-up 
lake, and as we go inward from its shore line we pass by a slight scarp of 
deposition to the remnant of the lake bottom at a level but little lower 
than that of the bench itself. We descend next by a scarp of erosion to 
a marked terrace (t*) that crosses the northern line of the State with a 
height of 310 feet, which I have often called the intermediate terrace or 
the Lily Pond terrace, formed during the early decline of the flood by the 
rocky barrier at the Lily Pond in Gill (see Pl. XXII, p. 724). This is at 
times broken into two or more terraces. We descend then finally by an 
erosion scarp to the group of terraces but little above the present flood 
plain of the river, and still lower to the incomplete terraces which lie below 
that level, both which groups have been formed by the river in its present 
size and condition. The intermediate terrace (t*) was thus excavated in 
the lake-bottom beds—that is, inside the lake bottom. 

Farther south, in the broader Hadley Lake, the filling had not pro- 
gressed far enough to obliterate the lake, and the equivalent of this third 
terrace (t*) is found as the first terrace below the bench, generally slightly 
marked and excavated in the upper portion of the deposition scarp which 
had connected the shore and deep-water deposits of the highest floods—that 
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is, outside the lake-bottom deposit. In the first case the order is, (1) lake 
bench, (2) lake bottom, (3) 310-foot terrace (t*); in the second, (1) lake 
bench, (2) the continuation south of t*, (3) lake bottom. 

In other words, the Hadley Lake continued through the whole period, 
and its lake-bottom beds are, strictly speaking, a little later in age than 
those of the northern basin. It seems by far best to represent all the lake- 
bottom deposits by one color, as I have done. 


DETAILED DESCRIPTION OF THE FLOOD DEPOSITS IN THE MONTAGUE BASIN. 


This description is in continuation of the interesting account of the 
terraces of the Connecticut in New Hampshire given by Mr. Warren 
Upham in the Geology of New Hampshire, Vol. II], page 19. I may men- 
tion that I accept the criticism of Professor Dana! of the view taken by Mr. 
Upham, that the deltas thrust out into the main valley are often above the 
highest ‘‘normal” terrace of the flood time, and consider these deltas as 
marking by their levels the true height of the flood waters, and look upon 
the lower level of the highest terrace which connects these deltas as 
explained by a lack of material in the intermediate spaces. I can not, 
however, accept the other criticism of Professor Dana that the esker traced 
down the valley by Mr. Upham has no existence as an earlier structure 
antedating the flood gravels of the open valley. 

The Montague basin is narrow—about a mile wide—where it enters the 
Warwick quadrangle in Vernon (Pl. XXXV, C), and it retains this width 
across the area, connecting at the highest water stand westward around 
Mount Hermon with the northern or Greenfield lobe of the Hadley Lake. 
As it enters the Greenfield quadrangle at Millers Falls it widens to above 6 
miles, and is connected again at flood level by several narrow passes in the 
trap ridge with the northern lobe of the Hadley Lake at Greenfield. It 
connects by the narrows at Sunderland with the main Hadley basin. It 
was a nearly filled-up lake. The main stream quite filled its rather narrow 
valley down to Millers Falls, where it widens, and here the heavy contribu- 
tions of the Millers River filled the whole widened valley. The distinction 
between the shore flats (1s h) filled to the highest effective level of the 
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waters and the unfilled portions (1b t), 10 to 50 feet lower, can be clearly 
made out. Kames rise out of the shore flats, which are often kettle-holed 
and plainly deposited in the presence of remnants of the ice; but there are 
no continuous and important “‘moraine terrace” beds fringing the eastern 
rocky slope and raised above the flood level of the waters. These shore- 
ward plains sink by easy construction scarps to the bottom flats in which 
the erosion terraces (t* to t*) have been cut. 


THE NORTHERN LOBE OF THE LAKE. 


From the hill which overlooks the hotel in South Vernon, Vermont, just 
on the State line, one sees the river for a long way northward flowing in a 
narrow channel bounded on both sides by high lands which slope rapidly 
to the stream and leave place for only narrow terraces. Nearer, the sand 
flats spread westward from the river around the base of a prominent hill (t) 
which rises to the north, and bending north surround this hill. The sands 
are very thick, and seem to rise a little above the highest probable flood level 
for this latitude, about 400 feet, which would indicate that they were brought 
in behind this hill while the ice filled the main valley and were not wholly 
planed down by the later stream. Around the south spur of the hill east 
into the open valley the sands sink rapidly to the lake bottom at 322 feet, 
as they failed to receive further protection in the lee of the hill, and the plain 
of fine sand sinks riverward to 307 feet, and is continued in a remnant which 
lies just north of the station with a height of 297 feet, cut off from the rest by 
an old channel of the river. 

The old lake bottom commences again just opposite the hotel in South 
Vernon, it having been cut away by erosion at the State line, and extends 
southward as a broad, level plain, down the center of which the road to 
Bernardston passes. On its outside it rests for more than a mile against 
the rocks, which rise first abruptly and then more gradually, and present a 
rugged and irregular surface, thinly covered by loose till. On this surface 
the river has deposited nothing. Where the Bernardston road mounts from 
t* to the top of this terrace a section showed— 


1. Very fine, loamy, unlaminated sand..........-. RB RE BEES case osens 6 to8 
2. Well-washed granite gravel, pebbles one-fourth inch.................-- 7 
3. Fine sand in great thickness. 
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The upper stratum extended over the whole surface of the plain and 
seems to have been deposited when the river reached this level only in its 
floods. Following down this plain (1 b t) for more than a mile one is con- 
fronted by a great escarpment which stretches obliquely across the road 
from the rocky hillside to the river bluff, and rises 80 feet above the lower 
_plain, or 380 feet above the sea, and reaches 400 feet when it rests against 
the rocks. Seen from the hills across the river, its upper edge is sharply 
preserved and its horizontally fluted slope is clearly a portion, preserved 
intact, of the riverward face of a great submerged bank and not a stream- 
cut scarp. The road rises to the surface of this high plain next to be 
described. 


THE BENNETTS BROOK PLAIN, OR MORAINE TERRACE. 


The plain stretches far southward into Bernardston and Gill, expanding 
rapidly to more than a mile in width. It is the true high terrace or bench 
(1s h) of the Montague Lake. The surface is as level as any river terrace 
for more than a half mile back from the edge overhanging the river, and for 
along way south. A small reef of rock projects above the general surface 
near its northern end, and the gravel is scooped out in front and along the 
sides, the grooves running out southward into the common level of the 
plain exactly as the sands are hollowed out around the pier of a bridge. 
Shallow, empty watercourses run over its surface and toward the river. 

With these exceptions the plain shows a true level as one rides along 
the road or crosses it at any point going east toward the river, a distance in 
many places more than a half mile. If, however, one goes westward to the 
mountain, taking, for instance, the field road to A. Whitehead’s, north of the 
Lily Pond, in about 100 rods flat hollows begin to appear, at first only 
5 to 6 feet deep and 20 to 30 feet in radius, but growing deeper and closer 
together until the whole surface is covered by regular kettle-holes about 20 
feet deep and separated only by narrow ridges which rise everywhere just 
to the level of the plain, and the road goes up and down as if it were 
built along the edge of a saw. Farther on the cols between these 
hollows grow lower, and by degrees the kettle-holes merge into broad, 
irregular depressions, several of which are occupied by ponds 50 to 75 rods 
long and about 40 to 50 feet below the general surface. These ponds were 
almost wholly dried up in the dry time when I examined them, and showed 
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flat sand bottoms out over which peat meadow was spreading. The road 
we have followed ends in a depression, elongated in the direction of the old 
shore line and extending to the mountain, which has been further hollowed 
out by the brook that now runs in it. 

The striking peculiarity in connection with the appearance and grad- 
ual development of this system of kettle-holes is that they are excavated 
in a quite level plain, and from a distance one would have no suspicion of 
their existence. At first they do not interfere with the manifest levelness 
of the surface, and as they grow deeper the ridges between them are flat- 
topped and of the common level, and only as the depressions are crowded 
together do the ridges become at first sharp-edged and then sink into passes 
between the hollows, until, against and running southward parallel with the 
mountain, there is a broad space where almost everything has sunk irregu- 
larly below the common level. Along this line the surface of the plain is 
made up of finely rounded gravel, with cobblestones 6 to 12 inches across, 
and the exposures in the roadside where the highway descends on the 
north are of the same material for perhaps 20 feet downward from the 
surface. Farther south Bennetts Brook runs across the plain to the river, 
at the bottom of a gorge 140 feet deep, bounded by a single steep sand 
slope on either side, without as yet cutting down to the ledge. 

Following the northern road down the slope to the ferry, one finds that 
the great plain is here, on its front edge, also made up above of finely 
rounded gravel of great thickness, consisting of cobblestones 6 to 12 inches 
in length. Below a point 80 feet above the river, or 280 feet above the 
sea, fine, horizontally laminated sands underlie the gravels, and similar 
fine laminated claylike sands appear at the same height in the road going 
southwest up from the same meadow. The surface of the bench remains 
unchanged to and beyond the railroad crossing. Here, just on. the south 
line of West Northfield, the configuration of the surface was originally 
much modified by the great quadrangular mass of Mount Hermon, which 
rises in the midst of the plain. The surface of the latter was depressed by 
the sweep of the waters around this obstruction, especially on the west, 
where they entered the narrow passageway between this hill and the border 
of the basin, a passage through which the road and the railroad now go, 
and this is expressed by the sinking of the plain eastward from 375 feet at 
the railroad crossing to about 330 feet at the eastern brow of the terrace. 
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Nearer the obstructing hill a brook has taken advantage of the depres- 
sion and, as happens very often in similar circumstances—so often, indeed, as 
to make it the rule—has worn down between the hill and the terrace gravels, 
slipping down, as it were, upon the northward-sloping side of the sand- 
covered drumlin and eroding for the most part in the sands of the terrace. 
The plain is, however, clearly continuous through this pass around the west 
side of the hill; on the east side it has been removed or terraced down to 
lower levels by the river. A distinct esker ridge, elevated about 20 feet 
above the level of the plain, and older than it, runs along southeastwardly 
through the pass and near the mountain side, ending opposite the second 
crossing. 

South of the village of Gill for a long distance lower terraces abut 
directly upon the steep rocks, and only traces of the high terrace bench occur 
where the road comes down from the hill to the Northfield Farms ferry. A 
section in the latter showed about 20 feet of clay, its surface about 70 feet 
above the river and 150 above the sea. Above this are sands. From this 
point the vertical rock wall of the canyon bounds the river, and the high 
terrace disappears, except in traces, until one reaches Turners Falls. 


- THE EXTENSION OF THE FLOOD GRAVELS WESTWARD THROUGH THE BERNARDSTON 
PASS TO JOIN THE HEAD OF THE HADLEY LAKE IN THE NORTH OF GREENFIELD. 


North of Mount Hermon the mountain side, against which on the west 
the great bench we are following has rested, swings abruptly westward and 
continues—maintaining its height—westward to Bernardston. Between this 
hillside and Mount Hermon the gravels of the Bennetts Brook plain extend 
westward through a narrow pass, 200 rods wide, which I have for conveni- 
ence called the Bernardston Pass. This is occupied by the highway and 
the railroad running past Bernardston. The gravels are naturally lowered 
in the narrow portion of the pass, but rapidly regain their high level of 392 
feet as the pass widens southwestwardly and the sands expand into a broad, 
very level plain which widens north up the fiord valley of Dry Brook. It 
doubtless owes its abundant sands largely to the great stream which flowed 
down this valley, and its freedom from kettle-holes is due to the fact that 
this stream continued to flow after the main current had ceased to flow 
westward through the pass and the ice had completely melted away beneath 
the sands. 
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On the south the plain ends very abruptly over the basin in which lies 
the village of Gill, and Dry Brook has been kept up to the level of the 
plain by a reef of schist which rises in its front edge and over which the 
brook falls rapidly into the rounded valley below. The latter is a high 
basin, with sides and bottom of till, and how far it has been filled up to the 
flood-plain level and then cleared out again by Dry Brook and its many 
tributaries it is hard to decide. 

Westward across Dry Brook the high plain is soon again supported 
on the south side by high ground, as well as on the north, and soon 
begins to develop kettle-holes and merges into a kame area exactly as 
described in the last section. Its surface dips very slightly westward, it 
being 396 feet high at its eastern side, 392 feet at its western border, where 
it begins to break up into kettle-holes, and 389 feet farther west in the 
middle of the kame area. 

To one looking down on this broad area of intricately reticulated 
gravel ridges, short kames, and interrupted plains, the whole forming a 
typical ‘‘kame landscape,” it seems clear, from the configuration of the sur- 
face and the trend of the broken ridges, that the current flowed west into 
the Greenfield basin. A restored surface carried through the highest por- 
tions of the ridges sags along the middle and cuts the high ground north 
and south like a shore line. 

The material also in the pass consists largely of pebbles—mostly under 
6 inches in diameter, but some a foot long, in part quite well worn but in 
part only battered—of the common gneiss and quartzite which abound in 
the main valley farther north. Westward beyond the narrows the gravels 
grow much finer. 

In the western part of the kame area in and ‘south of the village of 
Bernardston the pebbles are almost exclusively of the dark mica-schist and 
the black argillite which occur wholly northwest of this poiat. This is 
notably the case in the ‘‘Bernardston picnic grove,” south of the railroad 
station, where is the north end of a continuous esker which extends a mile 
or more southwest into the Greenfield basin. Here the pebbles rarely 
exceed 4 to 6 inches, and are as finely worn into flattened discoid and 
ovoid forms as on a sea beach. 

A kame ridge where the road branches north, just before it goes down 
over the bridge to enter Bernardston village (opposite E. M. Slate’s), gave 
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this section: Coarse sand and gravel, 2 feet; medium buff sand, 4 feet; fine, 
even-bedded sand, 5 feet. The ridge was 20 feet wide and the layers 
crossea it horizontally, as if they had been eroded on either side. A little 
farther west, down the hill toward the bridge, the gravels were found to be 
coarse and scarcely bedded at all. 

Everything shows that the floods swept west through the Bernardston 
Pass and, joined by the waters coming down the extensive upper valley of 
Fall River at Bernardston village, passed into the Greenfield basin. 


THE OLD COURSE OF FALL RIVER. 


Commencing high up in the valley north of Bernardston, Fall River 
is bordered by a broad, flat plane (1 f*) that has been cut in a heavy 
sand deposit which once filled the bottom of the valley, forming the 
lake bench, and which in part still remains intact on either side of the 
alluvial bottom of the river. At the bridge in the village of Bernardston 
this plain leaves the river and skirts the west edge of the kame area, being 
bounded on the west by West Mountain, and extends southwesterly into 
Greenfield, where it merges with the lake bottom of the Greenfield basin, 
above which the esker ridges project for a distance and then are finally 
submerged. The river, on the other hand, does not follow this lower plain, 
as would seem natural, but runs from the bridge due south, in a deep, 
narrow channel, cut in the much higher kame area, and then among the 
drumlins and the sandstone ridges to the Connecticut. 

It seems to me certain that when the waters of the Connecticut became 
confined to the main valley to the east, the stream coming down the Ber- 
nardston Valley continued to run southwestward by the now abandoned 
channel, and cut down and flattened the kame material into the broad, flat, 
lakelike watercourse which now remains, and which forms now, near the 
town line, a low divide from which a small brook runs back into the main 
stream and another on to join the Leyden Brook, in the west of Greenfield. 
The continued melting of the ice beneath the kame area at last dropped 
the sands so low that the stream suddenly found a new course opened to it 
directly south into the Connecticut. 

It can be clearly proved that the flow of the glacial waters in the 
Bernardston Valley commenced long before the ice had lowered so far 
that any connection with the main valley can have existed, for the esker (k) 
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that starts at the mouth of Fall River Valley, in the Bernardston picnic . 
grove, runs south, rising over a col between two drumlins east of the 
road to Greenfield, at a much higher level than the plain to the west, here 
described as the old course of Fall River, which was at that time still filled 
with ice. It can be seen further from this section that the abundant flow 
continued after the waters had ceased to flow from the main channel 
through the Bernardston Pass. An inspection of the map will make it clear 
that the deep Fall River Valley must for a long time have been a main 
artery of drainage. 

When the waters went through the Bernardston Pass the ice had mostly 
melted far north up the main valley; but a remnant was submerged beneath 
the sands along the border of the stream in West Northfield, causing the 
kettle-holes of the western border of the Bennetts Brook plain (see p. 617), 
and through the pass the waters spread their gravels over a considerable 
but gradually diminishing body of ice. At the same time the great volume 
of water which came down the valley of Fall River also flowed over ice, 
and thus were formed the esker ridges of argillite pebbles which project 
out from this valley and blend with the gneiss gravel brought through the 
pass from the main valley. A great mass of ice filled the basin of Gill, and 
thus completed the walls of the pass and prevented the flood from filling 
this basin, as they naturally would have done. 

When the flood had so far receded that the waters of the main stream 
no longer went through the pass, the waters of Fall River continued to 
flow into the Greenfield basin, carrying a large volume of the kame sands 
southward into this area and smoothing out the broad plain which still 
extends between the two, until, by the sinking of the ice, its southeastern 
border was breached and it found exit across the kame gravels south into 
the drift region of Gill by way, apparently, of its reopened pre-Glacial 
bed. ' 


THE BENCH ON THE EAST SIDE OF THE RIVER IN NORTHFIELD AND ERVING. 


The hills are set back on the east side of the valley at about the same 
place as on the west side, and the high sands expand eastward across Hins- 
dale and the corner of Winchester, in New Hampshire, up the valley of 
the large Perchee Brook and continue southward with a width of 200 to 
400 rods across Northfield and Erving. The rock surface is everywhere 
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quite high, often up to or above the 300-foot contour, and the layer of till 
above this is generally thin and not molded into drumlins as on the west 
side. Hence the bench sands are generally not of great thickness. They 
represent mainly the deltas of Perchee and Northfield brooks. 

At the head of the deep recess formed by the southwestward trend of 
the valley’s rim in the corner of Winchester, New Hampshire, is the apex 
of the delta of Perchee Brook (lsh, Pl. XX XV, C), at 392 feet above sea. 
It consists of coarse deposits, with many rounded bowlders of porphyritic 
granite, even up to 2 or 3 feet in diameter. The brook runs at the foot 
of the rocky ridge nearly to the State line, and all its delta is on its south | 
side. From its apex two roads run toward Northfield. The eastern runs 
south at the foot of the cliffs and marks the eastern shore until, at L. 
Lyman’s, it turns into the plains toward Northfield street. The western 
follows the brook until, just over the State line, it goes down from the 
bench to the next terrace level (1 f) at 320 feet. 

Between these two roads runs a great island of till in the midst of the 
delta plain. Just at the foot of this hill, on the side facing the head of 
the delta, is a triangular pond, 800 feet on a side, depressed 30 feet below 
the level of the plain, its concave base embracing the island and its apex 
pointing toward the head of the delta. From the other end of this island a 
sandy esker ridge (k) extends southwest for a long distance, and just south 
of Mr. D. L. Moody’s main school building a cutting showed about 10 feet 
of well-sorted sands; but I was informed that a little below coarse bowlder 
beds occur. 

What is most remarkable in the deposits of this delta and its continua- 
tion south in the high terrace is the great accumulation of fine sand. Soon 
after leaving the hills the brook has cut deeply into these sands, and all the 
brook sections in the neighborhood are in like material. Following the 
brook down to where it descends sharply over the rocks to the river plain, 
these sands are seen to rest on clay at a height of 290 feet above sea. Here 
a line of springs marks the base of the sands, and immediately below aban- 
doned clay pits occur, as they do southward at various lower points in a 
gorge cut by a tributary of this brook and farther south by the roadside, 
showing the clays to be continuous below the level of 290 feet. Following 
the terrace southward, shallow depressions begin to appear in it, and oppo- 
site the village street it has developed abundant well-formed kettle-holes 
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and is made up of coarse gravel, containing cobbles up to 6 inches in length. 
Its front edge has a height of 360 feet where it sinks down by a steep scarp 
to the level of the Northfield village plain (1b t). At its foot a brook runs 
northwest into the Connecticut, which has cut a notch in it, but has made no 
delta projecting out onto the terrace below, showing that when it was effect- 
ively eroding the main stream was also strongly eroding, and carried on all 
its contributions. This is the case, also, with all the tributaries down to 
Millers Falls. 

South of this brook the high terrace (1s h) is continuous, but narrows 
rapidly, and by the side of the road going up to F. Johnson’s, just north 
of the single drumlin marked on the map, a section occurs in coarse gravel 
much contorted. From this point the great sand masses of the next lower 
level—the old lake bottom (1 b t)—which are here nearly a mile wide and 
extend southward for over 2 miles in the great “Beers Plain,” have been 
thrown up in a wilderness of sand dunes, thus obliterating almost all trace 
of the scarp which once connected the two levels. 

The plain of Northfield village, at the third level—305 feet (t*)—is 
thinly covered with sand. Immediately below is till or ledge, but south- 
ward the rock lies much lower, while the level of 300 feet is maintained by 
a great volume of sands. Southward these sands rest upon finer material. 
Just over the railroad, on the road west from the station, 20. feet of coarse 
sand, dipping 8. 20°, rests upon very fine, horizontally bedded sands with 
a single layer of fat clay 18 inches thick. The former stratum was laid 
down while the stream was forming the terrace (t*); the lower is the 
uneroded portion of the lake-bottom beds. Their present eroded surface 
is 250 feet above sea, and they are exposed with a thickness of 42 feet, and 
no bottom is seen; nor do the sands vary. 

Just south of the village street, where two brooks come together and 
run under the railroad, the same sands rest, at a height of 270 feet above sea, 
upon blue banded clays, the fat layers being one-third to two-thirds of an 
inch thick, and the intervening layers of sandy clay 6 inches thick. Four 
miles farther south, at the ferry at Gill station, the clay layers are one-half 
of an inch wide and are separated by layers of fine sand 2 feet thick. 
Farther south, below Northfield Farms, the Four-mile Brook has cut 
through heavy clay beds rising about 260 feet above sea. 

The above figures show that the basin was filled up with fine bedded 
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sands and clays to 290 feet at its north end and 260 feet at its south end, 
a descent of 30 feet in 7 miles, and the surface of the high terrace shows 
about the same descent. As this slope is wholly inconsistent with the 
accumulation of thick beds of fine laminated clays, some part of this differ- 
ence may be assigned to a post-Glacial elevation increasing northwardly, of 
which we shall find many other indications. 

The order of events in the basin seems to have been, in brief, as follows: 
The broad shoreward gravels of highest level began to be brought into the 
basin before the last remnants of the ice had been melted, those on the west 
side largely by the main stream, those on the east side by the tributaries. 
Then far to the south the great delta of Millers River, as detailed below, 
was thrust across the narrow outlet of the basin, ponding back the waters 
and allowing the deposition of the great thickness of fine sands and clays. 
The coarser delta deposits were continued out over the finer, unconform- 
ably in a sense, and completed the filling of the valley. 

Where the highest floods failed to plane the earlier beds down fully 
they remain as kame ridges. When the floods ceased to rise over these 
highest flood plains before the ice had wholly melted beneath them the latter 
are kettle-holed. 


THE MILLERS RIVER DELTA. THE CANYON AND OLD COURSE OF THE CON- 
NECTICUT. 


The section of the flooded Connecticut which we have above described 
might very properly be treated separately as the Northfield Lake. It 
would include just that portion of the valley which is portrayed on the 
Warwick sheet. The valley expands at the north border of this ke and 
soon contracts again to the north (Pl. XX XV, C). 

The high terrace which we have followed south along the east side of 
the valley as a narrow bench of sands applied to the high, rocky valley 
side, widens suddenly south of Northfield Farms, extends entirely across 
the valley proper, and abuts on the west against a steep ridge, called Mine 
Hill. The river does not, as heretofore, erode its channel down the middle 
of this plain, but escapes southwestwardly from the corner of the basin 
through a deep gorge of its own cutting, between the ridge of crystalline 


rock mentioned above and the Triassic conglomerate. 
MON. XXIx——40 
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A “dry brook” has cut its notch part way across this plain, just west 
of the railroad, trying ineffectually to replace the river, and the contours 
on the north slope of the plain bend south toward the brook gorge. 

Millers River, emerging from its portal in the eastern rock border of 
the valley, makes almost immediately a remarkable curve, turning first 
south and then 180° round through west to north, and then runs north, 
skirting the Mine Hill ridge, to meet the ‘‘dry brook,” and then with sharp 
western turn it cuts through this ridge to join the Connecticut. 

This is one of the most beautiful spots in the State. ‘The Connecticut 
comes down from the north in its vertical-walled canyon, its waters foaming 
in rapids around the great pudding-stone bowlder amidstream, still called 
the ‘‘French King,” from a tradition that in the old French wars an expedi- 
tion dropped down the river to this point and a venturesome officer pushed 
his canoe to the head of the rapids and broke a bottle of wine on the great 
rock, claiming the land for the French King. The broad stream then bends 
sharply northwest and flows strongly in its deep gorge, while just at the 
bend Millers River comes down over the rocks in a picturesque fall, flanked 
by a ruined mill. The fall has scarcely worn back at all from the mouth 
of the stream, and the whole impression is one of recency. 

Looking down on this Montague plain from one of the high hills east 
of Millers Falls, one easily restores the beds eroded by Millers River, and 
then the plain is seen to be the northern portion of its great delta, expand- 
ing northward up the narrower part of the valley of the Connecticut. In 
following this plain down from its north end, opposite the point where the 
main stream enters its rocky gorge, a distance of about a mile, one finds 
that the sands grow coarser and coarser and grade into gravel, and opposite 
the point where Millers River leaves its rocky canyon in the eastern wall 
of the valley—that is, at the head of the delta—many of the beds are of very 
coarse gravel alternating with sand beds, showing the coarsest flow-and- 
plunge structure. Moreover, the plain slopes southward quite rapidly, its 
elevation being 362 feet north of Millers River and 350 feet south, at points 
3,000 feet apart. 

That the delta deposits of the tributary could have been extended 
north against the current of the main stream more than a half mile proves 
that the current of the main stream could not have been very strong, and 
the southward slope of the surface of the delta indicates that the land was 
there relatively depressed toward the north and has since risen. 
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From Northfield Farms the Connecticut River runs in a canyon, with 
sandstone on the right bank and crystalline rocks on the left, and at the 
mouth of Millers River it turns west and northwest for about 5 miles 
to Turners Falls, cutting off a corner of the Gill sandstone massif, and 
then runs south, skirting the diabase ridge of Greenfield. It thus gives 
place for a great expansion of the delta of Millers River, about 5 miles 
square, a broad elevated sand desert—the Montague plain—which on the 
south sinks by a marked delta front to the low basin in which lies the 
village of Montague. From Turners Falls back to the mouth of Millers 
River one descends from the north edge of this plain by a single great 
erosion scarp to the level of the river, or to the sandstone ledges into which 
the stream has cut, thereby preventing any further erosion of the delta 
beds. In all this latter distance it formerly extended north across where 
the river now runs and rested against the sandstone, and above Factory 
village a broad remnant of it still remains; and at the mouth of Fall River, 
opposite Turners Falls, it extended into the basin of Greenfield through 
the gap in the trap range, and sent a large body of sand by this passage 
into the Hadley.Lake. The river poured with full current through this 
pass, and it must have been a slight chance which determined it in the 
direction of its present course and prevented it from choosing a channel 
down the west side of the trap ridge through Greenfield. 

The Connecticut River was thus driven westward around the great 
delta and compelled to cut a canyon between the sandstone and the crys- 
talline rocks from Northfield Farms to the mouth of Millers River, and in 
the sandstone on to and beyond Turners Falls, nearly down to the mouth of 
the Deerfield River. 

The old bed of the Connecticut runs due south from Northfield Farms 
past Millers Falls, and thence southwest to join its present bed at the mouth 
of Sawmill River, in Montague. ‘This course is marked by a line of kettle- 
holes continued in the channel of the dry brook mentioned above along the 
plain north of Millers River, by the sharp bend of the latter, and by the 
deep erosion basin that extends south from it. Farther on it is continued by 
the line of large kettle-holes of which Green Pond and Lake Pleasant are 
the most important, and by the course of Pond Brook and Sawmill River. 

Its eastern rocky border is exposed at the falls which give the name to 
the village of Millers Falls, in the north of Montague, and at the bottom of 
the deep cuttings of the railroad just below the Millers Falls station. The 
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cuttings for the relocation of the tracks of the railroad running south- 
west from Millers Falls gave fine sections radiating out from the head of the 
delta. Besides most instructive sections of kettle-holes, described further 
on, the opening gave a fine view of the whole structure of the delta (see 
fie. 41, p. 668). - 

At a point near where the two railroads separate, the cutting was 20 
feet deep and showed the sands resting on glaciated surfaces of gneiss 
and diabase, without the intervention of till or clays. 

The section showed an extensive body of sands, often exposed 12 to 
16 feet in thickness, and cross-bedded in great sheets which dip south away 
from the head of the delta and represent the advancing front of the latter. 
Above this a horizontal layer of gravel, averaging about 3 feet in thickness, 
and diminishing in thickness and coarseness outwardly, made the surface. 
This represents the concentration gravel manufactured out of the cross- 
bedded sands of the delta by the floods of the river as they swept over its 
surface after its front had passed farther outward. 

Where kettle-holes had sunk during the flood time, this gravel thickened 
below to fill the depression, and had plainly been pushed into the depres- 
sions from the direction of the head of the delta, the gravels being cross- 
bedded in their thickened portions, with radial dip. 

All along the eroded front of the delta overhanging Turners Falls the 
clays, resting directly on till or sandstone, rise to a height of 250 feet above 
sea and are capped by the delta sands. The clays have a maximum thick- 
ness of 59 feet and are thin-laminated, with the layers 1 to 14 inches thick. 
The clays change upward into the sands by repeated alternations of sand 
and clay. At the top of one stratum of clay 1 foot thick asingle layer was 
contorted and compressed into acute folds bent over southward and covered 
by a foot of sand, as if moved by the friction of the waters by which the 
thick layer of nonlaminated sand was brought in. All above and below 
was undisturbed. 

The illustration, fig. 35 (p. 629), indicates the relation of the beds at 
the large brick pit south of Turners Falls. 

The delta sinks southward into the deep land-locked hollow in which 
is the village of Montague, and along the bald face of the mountain to the 
east of the village the terrace is represented only by a narrow bench cut in 
the till, and farther south cut in the high sands which fill the Mount Toby 
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gorge. The high hill of sandstone which rises west of the village is con- 
nected south with Mount Toby by a sandstone ridge at about the height of 
the high terrace, and it is therefore certain that the old bed of the Con- 
necticut can not have gone, as an inspection of the map would suggest, due 
southwest to join the present bed at the Sunderland line. The Montague 
depression may have been eroded by the pre-Glacial Connecticut in a great 
bend directed southward. It was more probably cut out of the soft sand- 
stone by the ice dividing on Mount Toby. 

Farther south, around the west side of Mount Toby, in the narrows 
which separate the Montague from the Hadley Lake, as well as along the 
west side of the river from the entrance of the gorge below Northfield 


Sea leve/ 


Fia. 35.—Section through the eroded front of the great delta at Montague. 


Farms to Sugar Loaf Mountain, the Triassic rocks everywhere approach 
closely to the present river and the high terrace sands are preserved for the 
most part only in sheltered recesses. 


THE HADLEY LAKE. 


THE NORTH END OF THE LAKE IN GREENFIELD AND THE CHANNEL OF 
CONNECTION WITH THE MAIN VALLEY. 


In the last chapter I have traced the waters from the main valley 
through the Bernardston Pass into the north of Greenfield, where, at the 
flood time, they widened somewhat into a small temporary lake, whose 
outlines, as it extended west across the town, are indicated on the map by 
the extent of the colors marked 1sh and 1f', where they are drained by the 
three branches of Mill Brook. 

After the waters had ceased to flow across from the main valley an 
abundant supply still came down the valley of Fall River and pushed out 
into this Greenfield Lake a marked delta, and the broad bottom of this 
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stream with its delta is marked on the map (If?) by a color different from 
that devoted to the lake bottom. The progress of this delta was arrested 
(as detailed under a preceding heading, p. 621) by the breaching of the high 
terrace sands and the passage of the Fall River south to the Connecticut. 
Clay (1b) appears at the surface of the lake bottom at one place, back of 
the schoolhouse, near the residence of A. Graves. It is abundant and is 
the only occurrence in this area. 


THE GREEN RIVER GLACIER. 


High ground borders Greenfield north and west. In the eastern half of 
the town all depressions are filled with flood sands, which we have traced 
into the area through the Bernardston and the Fall River passes. The 
western half is a deeply sunken area. The two bodies of sand noted above 
expand westwardly, wrapping around French Hill* on the north and south, 
and end very strangely on the west in a high bluff which overlooks the 
broad, low basin of Green River and Glen Brook. 

One goes down from the edge of this bluff by a steep scarp 60 feet to 
the bottom of the basin, and neither the scarp nor this broad bottom seem 
to me to be the work of Mill River, which now flows in it, bounded on 
either side by its own alluvial bottom and terraces. 

This valley, which I believe to have been filled with ice while the lake 
deposits were gathering, stretches along the whole west side of Greenfield. 
Not only is the mass of sand which must have been removed, if this basin 
had been filled up at the flood time, out of all proportion to the amount 
of work done by the other streams in the terrace period, but the bottom of 
the basin and its eastern scarp is an irregular, kamy, kettle-holed surface, 
entirely unlike the surface of the erosion terraces of this and the other tribu- 
- taries of the Connecticut; and the true terraces which border the stream, cut 
at and below the level of this broad, irregular bottom, correspond in number 
and extent with those of the other streams. 

Again, on the west the rocky and till-covered border of this basin slopes 
rapidly to its bottom, and opposite each valley notch a great delta heading at 
a level but little below that of the high terrace, and with its semicircular front 
untouched by erosion, is thrust far out into the basin, showing conclusively 


1 The hill 500 feet high in the north part, just east of the railroad. 
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that the bottom of the basin and these high deltas were formed at the same 
time, which must have been near the end of the time of the high water 
stand, when the ice had finally melted after having prevented the filling of 
the valley. The dissected delta of the Green River itself where it leaves its 
rocky gorge and enters the basin is shown in fig. 36. 

But one traces with great clearness the broad watercourse, with its 
abundant sands, from Bernardston across the north of Greenfield to where 
the extended sand flats end suddenly and sink by a great, irregular scarp 
into this basin, and a little farther south the similar watercourse from 
Factory Village, near Turners Falls, passes across the middle of Greenfield, 
and stands in the same relation to the southern part of this deep elongate 
depression. It must thus have been filled had it stood empty in the way 
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Fie. 36.—Section of the Green River delta at the north end of the Green River basin, where the stream comes out of its rocky 
canyon, showing that the delta was sent but little into the lake, and its front not eroded. 


of these two abundant streams, and I can therefore only suppose that 
here, in the northwest corner of the valley of the Connecticut, and in 
this long depression between the mica-schist mass of Charlemont and the 
red sandstone, a lobe of the ice, sent down the Green River Valley from 
the high ground in Leyden across the whole length of Greenfield, lingered 
till after the floods had ceased to come through the two passes mentioned 
above, and after Fall River had ceased to flow west into the Greenfield Lake. 

I do not think that the ice stood high above the level of the flood waters 
in the flood time; but, like the great bodies of ice described by Dall in 
Alaska, it was submerged beneath the sands as a great continuous body 
filling the valley and, on melting, allowing its load of sands to drop about 
50 feet to their present position. 
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THE FACTORY VILLAGE CHANNEL. 


The map shows very clearly the broad watercourse which bends north 
from Turners Falls and then turns sharply southwest and runs, its banks 
and bottoms well preserved and uneroded, to where it widens out into the 
broader sand plain of the south part of Greenfield. | 

This passageway was set free by the ice earlier and was occupied by 
the Connecticut longer than the passage farther north through the Ber- 
nardston Pass, and a vastly greater body of material was brought into the 
Deerfield side valley by this way than by the northern one. 


THE HIGH TERRACE PLAINS IN THE SOUTH OF GREENFIELD AND NORTH OF 
DEERFIELD. 


At the end of the Champlain period a broad unbroken plain extended - 
from the south part of Greenfield southward through Deerfield, out of which 
the channel of Green River and the great basin of the Deerfield River have 
been eroded. Through the southern part of Greenfield and the north of 
Deerfield, to near the point where the Deerfield River leaves its rocky 
gorge, the deposits forming this plain are laminated clays, often 20 to 33 
feet thick, overlain by sands reaching a thickness of 80 feet, often hori- 
zontally laminated in their lower portions and cross-bedded on a grand 
scale above. 

The section exposed on the south side of the road from Greenfield 
to Franklin Park, in the hillside immediately beyond the bridge, is very 
striking. In the bed of the brook the reefs of bright-red sandstone rise 
above the water and run under the bank. On this, in the vertical wall facing 
the stream, is exposed 20 feet of till, dull red and made almost entirely of 
comminuted sandstone. ‘This is covered by 20 feet of horizontally bedded 
clay, in layers 1 inch thick on an average, and as one goes up the hillside 
the clays are seen to be capped by a great thickness of fine sands, hori- 
zontally and distinctly laminated, at least 55 feet thick. The upper 20 feet 
is made up of sands with flow-and-plunge structure and cross-bedding on a 
grand scale. The section is exposed for 200 feet, and the sands dip with 
varying and suddenly-changing angle 0-30°, always toward the east. 
These latter sands vary from fine to coarse. 


‘The broad, perfect plain (1s h) southwest of Greenfield and extending to the Deerfield River. 
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West across the high plain (Franklin Park), from the top of this sec- 
tion to where the railroad again cuts into it, the sands rise in heavy beds 
by a long and slightly curved sweep from north to south. These two sec- 
tions lie just south of the south end of the great Green River depression 
mentioned above. To the west the wall rises unbroken, and there is no 
channel down which a considerable stream could have come. 

It seems to me that the sands have here been built up to this high level 
by the water from the Bernardston Pass and Factory village channel 
coming down over the ice which filled the Green River basin. It is difficult 
to see how they can have come from any other direction, and equally diffi- 
cult to see how\they can have been built up here to a broad plain of the 
height of the high terrace while the above basin remained open and unfilled 
to the north. 

The clays appear abundantly in the south half of Greenfield, where 
they are used for brick making, and rest on sandstone or till. Farther south, 
in the southwest corner of the Deerfield River basin, where a brook has cut 
back in the rim of the basin, is a great exposure of these clays, which for 
a distance of about 12 feet down from the surface and. about the same in 
from the basset edges of the horizontal beds, have weathered to fine buff 
clays, while the interior is the ordinary blue clay. 

Farther south the upper surface of the clays is marked for a long dis- 
tance by a line of springs in the bluffs along the west side of the basin. 
Before reaching the mouth of the gorge of the Deerfield River, however, 
the clays change into fine sands, and the upper sands also grow finer, and in 
the southern bluffs of the erosion basin the whole thickness of the old delta 

_of the Deerfield River is made up as illustrated in the Wapping cutting (see 

Pl. XVIII, p. 694) by 50 feet of the very finest sands, and this continues 
to be the character of the great body of sands which fill the Deerfield 
Valley south through Deerfield and Hatfield. 

It seems probable that the delta of Deerfield River was thrust across 
the valley to abut against Deerfield Mountain upon the east, and was 
elevated more rapidly than the deposits to the north in Cheapside and 
Greenfield, so that a quiet area of deeper waters existed here, in which the 
clays were laid down; and later, the current increasing, the horizontal 
sands were carried in over them, probably through the pass from Turners 
Falls; and at last the heavy floods of the hightest water stand through the 
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Bernardston Pass and across the north of Greenfield brought the coarser 
sands down over the Green River glacier and spread them to build up the 
broad plain of Franklin Park 


THE LAKE BENCH FROM DEERFIELD RIVER SOUTH. 


THE DEERFIELD DELTA. 


South of the erosion basin of Deerfield River the bench (1s h) consists 
of the southern half of the great delta of the Deerfield—that portion which 
has escaped the later erosion of the river itself. It spreads out, fanlike, as 
a broad, flat alluvial cone from the mouth of the rocky canyon of the 
Deerfield, where it has an elevation of 320 feet, and slopes very gradu- 
ally to its front edge, which is about 30 feet above the lake bottom, and 
then drops by a steeper grade to the level of the latter. Its outer 
boundary is in places not sharply marked, as broad bars molded by the 
current of the main valley from the abundant detritus furnished by the 
Deerfield are spread in front of it and render the lake bottom unusually 
irregular. A cutting of the Canal Railroad, 18 feet deep, passing from the 
outer border directly to the apex of the cone above Stillwater bridge, 
showed in beautiful detail the whole structure of the broad delta. It is 
made up entirely of well-washed sands, everywhere coarser above and finer 
below. The upper layer varies from 3 to 7 feet, and is made up of coarse 
sand and fine gravel, well washed and rounded, laid down in broad, lentic- 
ular layers, as a whole horizontal or conforming to the slight slope of the 
surface. Below are fine, whitish, perfectly sorted sands in two grades, fine 
and very fine. The former are thrown down in layers 1 to 2 feet thick, 
with delicate flow-and-plunge structure, and dipping at all angles up to 
30° SE.—that is, radially from the old mouth of the river. These layers 
are separated by other layers, from 2 to 8 inches thick, of the very fine, 
moist, compact, almost clayey sand, which are thrown down upon rippled 
surfaces of the coarser, and show a flow-and-plunge structure of extreme 
delicacy. 

In an exceptional case a layer of the very fine sand occurs a mile 
out in the valley, dipping 15° SE., which, although bounded for a long 
distance above and below by horizontal surfaces and contained in undis- 
turbed layers of the coarser sand, is contorted in a very complex way, and 
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thin layers of a coarser sand included within it are so twisted into the mass 
that they can be followed for only a short distance. 

A mile south, in the Northampton quadrangle, in the delta at the road 
south from Mill River village, where Bloody Brook joins Mill River, I 
found in the same position a layer identical with this in all respects, and 
it may be continuous between the two places, and represent a time when 
the river was clogged with ice, so that its current was stopped and an 
unwonted thickness of the very fine sands deposited and thrown into confu- 
sion by the stranded ice. The layer resembles so exactly the thicker one 
described from the Wapping cutting (Pl. XVIII, p. 694) that one diagram 
would serve for both. 

Farther out, near the outer edge of the bar, the coarse sand and 
gravel layers thicken downward and pitch sharply southeast in broad, 
cross-laminated layers, and the finer sands have disappeared or gone below 
the level of the cutting. It is plain that these latter, which lie below and 
continue everywhere below the level of the railroad certainly for many 
feet, represent the front of the delta as it was pushed out into deep water 
Their varying dip corresponds to the varying slope of the face of the delta, 
and I am inclined to believe that the thick layers of fine sand (1 to 2 feet) 
represent the product of a single flood, upon whose rippled surface rests in 
each case the finer deposit of the succeeding winter. 

The front of the delta narrows southward and is continuous, at the 
same level, with the delta, also very large, of Mill River, upon which is the 
village of the same name. This is more complete, though Mill River 
escapes through it in a broad, low plain of erosion, and skirts the hill for a 
long distance south. Then, for a still longer distance south, across the line 
into Whately, the bench is wholly wanting. At present the broad lake- 
bottom plain stretching across from South Deerfield abuts against the steep 
cliffs with no change of level. 


THE WEST BROOK DELTA, 


From Roaring Brook down through Whately the hills have an easier 
slope and were covered with much drift material, out of which the waters 
have formed an irregular bench, which is only in part built up to true level. 
This continues almost to the south line of Whately, where, near West 
Brook, the bench (1s h) is again well developed and is very complicated and 
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interesting. Long before reaching the brook it rises to the height of 318 
feet and widens rapidly into a broad sand plain, across which the brook, 
emerging from’ the high lands at the road crossing near a magnificent 
drumlin (called Belmont) that rises on the north a hundred feet above the 
plain, runs, over a bed of coarse gravel which is very little lower than the 
surrounding level, and at the front of the plain falls rapidly over a reef of 
compact hornblendic granite (tonalite) into the valley below. Just south 
this reef rises in a narrow ridge and runs parallel to and about half a mile 
distant from the western rim of the valley, southward through Hatfield, to 
end in Elizabeth Rock in Northampton. At the highest water stand it was 
a long island in the lake, or rather two islands, as it is broken through at 
a point in the middle of its length, through which the “Running Gutter” 
enters the main valley. Into this lateral valley the waters of West Brook 
carried the greater part of the detritus they were bringing down, and the 
plain we are following continues at the same high level, quite even and 
sandy, for a mile farther south, bounded on the west by the steep, rocky 
rim of the valley and on the east by this island; and from the south the 
sands of the high bench in Northampton enter the side valley west of 
Elizabeth Rock and pass up it for almost the same distance, while outside, 
on the east of the rocky island which is called ‘The Rocks,” in Hatfield, 
the fine sands of the broad lake bottom (1b t) abut at a much lower level 
directly against the bare cliffs. 

On the shrinking of the flood waters West Brook found its way, not 
down the western side trough into which nearly all its sands had been 
carried, but, like so many other streams in the valley, by a detour to the 
north around the north end of the granite ridge. In a similar way Broad 
Brook, which heads in the broad sand plain north of Florence, runs a long 
way north up the trough we have just followed south, and breaks through 
“The Rocks” in the center of the ridge to join the main valley, searching 
out for itself the most northerly outlet possible. 

This is sufficiently explained by supposing that the current of the 
stream, combined with that of the main stream, kept the sands at a slightly 
lower level opposite its mouth than lower down, where they were spread 
in the long trough of quieter waters, so that on the lowering of the water in 
the main valley the tributary found its way through lower ground around to 
the north of the bar; still, the many times this occurs in the valley, under 
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various circumstances, points to a common cause, and is, I think, connected 
with the lowering of the upper portion of the valley, thus lessening the 
pitch to the southward. Brooks from the north and south now join and 
break through the barrier near the south line of Hatfield, and have carried 
out much of the sand, so that one can not decide whether the high sands 
formerly filled it entirely. It is certain that the sands of West Brook 
spread very slowly southward, and that the waters entering by the central 
break in the ridge spread north and south, throwing down clays up to high 
level, and that the high delta sands encroached upon them from the north as 
the growth of the delta went on. 


THE MILL RIVER DELTA IN NORTHAMPTON, 

Farther south, on the north line of Northampton, the western rim of 
the valley, which has come down southward from the northwest corner of 
Greenfield, swings southwestward and runs back of Florence, by the bridge 
at Leeds, to Loudville, where it turns at right angles and runs for two miles 
southeast before it regains its southward course. The bay thus formed was 
studded with a great number of islands, all of till, for the rocky floor lies 
everywhere deep below the surface. ‘They are the drumlins already 
described. Into this bay flowed the waters of four large streams, two of 
which are dignified by the name of river, and they, together, filled the bay 
and sent great quantities of detritus out into the valley, to be carried south- 
ward by the main stream. 

Their common delta has been greatly cut away by the streams them- 
selves in their subsequent oscillations as they followed the margin of the 
great river downward during the period of shrinkage, and one must know 
the country well and draw much on the imagination to reconstruct the broad 
plain as it formerly spread across from Elizabeth Rock to Loudville and out 
from Leeds to the border of the Meadows. Mill River has been espe- 
cially destructive, and, as its mouth advanced from Leeds to its present 
place, it has worn out all the broad basin in which it flows, and its tribu- 
taries have cut out the peculiar depression of the ‘‘ Bay State.” One must 
think of all this area raised to the level of and merged into the Florence 
plain in order. to reconstruct this, by far the largest delta deposit of the high 
bench upon the west side of the river. 

Along the road from Florence to West Farms, and then to Loudville, 
one rides for several miles over a sand plain (1s h) about 305 feet above sea, 
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abutting against the cliffs on the northwest. Its border against the granite 
bluffs is exceptionally well preserved, but in places is deeply kettle-holed 
in the portions adjoining the rocks. It stretches, except where interrupted 
by drift islands, with gentle slope southward for a long distance, to descend 
at last more abruptly to the village of Kasthampton, its scarp being ter- 
raced, but apparently not much cut back, while in Northampton it has 
suffered much more serious erosion during the formation of the lower 
terraces. 

The apex of the delta of Mill River in Northampton is where the bridge 
crosses the rocky bed of the stream before entering Leeds. It widens sud- 
denly at Florence. Its extent, apparently out of proportion to the drainage 
area of Mill River and the other streams that formed it, is due largely to 
the fact that its sands are spread out among the lenticular drift hills by 
which the great bay in the crystalline rocks was filled. (See p. 543.) 

The cutting along the New Haven and Northampton Railroad made to 
obtain material for raising the railroads through Northampton gave repeated 
sections north of the railroad, extending from the brook crossing east of 
Florence to the crossroads next east, a distance of a quarter of a mile. 
In all the western part of this section (which runs east and west) the sands 
are cross-bedded on the grandest scale, the layers in the long cut, which 
was 15 feet high, having a uniform and high westerly dip. In two cases 
the material suddenly grew fine, and heavy clayey layers are intercalated 
in the coarse buff to reddish sands. In the eastern portion of the section— 
the part south of the cemetery—the beds bend over and dip east, and 
are here greatly disturbed and mixed with glacial material by stranded 
glacial ice. 

An inspection of the map will show that the long drumlin called 
Strawberry Hill, just north of Florence, and the prominent drumlin north of 
the Bay State, nearly cut off this area from direct communication with the 
waters coming out of the Mill River gorge, and that these cross-bedded 
sands must have grown as a broad sand spit extending south from Fortifi- 
cation Hill to the north and made up of material swept south across the 
Camp Meeting grounds and around the east side of this hill, so that they 
were thrown down with strong westward dip on the inner (western) and 
sheltered side of this bar, along the outer side of which the icebergs 
stranded. 
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The southern portion of the delta is composed of the confluent 
deposits of Mill River and the north branch of the Manhan. The great 
glacial lake in Westhampton (p. 594) served as a catchment basin for 
sands which were carried ultimately by Roberts Meadow Brook and the 
Manhan to augment the high terrace at this point. While the sands in 
Northampton are in many beds clear gray, showing under the micro- 
scope many rounded grains of black mica-schists like those of Goshen 
and Chesterfield, in others they are reddish from the abundance of garnet 
grains in them, both peculiarities indicating their origin from the garnetif- 
erous mica-schists in the drainage area of Mill River. The sands of the 
southern portion of the plain are more largely granitic and are derived from 
the great granitic area of Westhampton. This may be taken as one of the 
proots of the assertion that the high terrace was mainly brought in from the 
sides of the basin. The great sand plain is continued across to the North 
Branch, is in all this distance more than:a mile wide, and sinks in several 
great terraces to the clayey lake bottom at Easthampton, and as it nears 
the south line of Southampton it enters the western of the three passages 
by which the waters passed out upon the Westfield plain, and just: on the 
town line it received the abundant deposits of the southwest branch of the 
Manhan at Russellville, and across the basin since eroded by this stream 
it was plainly continuous with the north end of the Westfield plain. 

Just where the western channel widens by the dropping down of the 
hill east of East Farms into this broad, open plain the abundant contribu- 
tions of the branch of the Manhau last mentioned were received and spread 
clear across the channel, up nearly to the normal high terrace level—the 
deep water of the lake bottom shallowing southward in the channel and 
coming to an end just opposite the mouth of the branch, and marking out 
thus the channel whereby, on the recession of the waters, the Manhan was 
compelled to take a course north across Southampton and Easthampton to 
join the Connecticut at the head of the oxbow. 


THE LAKE BENCH ON THE EAST SIDE OF THE HADLEY LAKE IN LEVERETT AND 
AMHERST. 


Through the Narrows in Sunderland the bench (Ish) is well marked 
along the west slope of Mount Toby, and turning the corner of the mountain 
it rests against its south side. It is characterized by fine sands in great 
quantity, dependent upon the fact that the region is far from the mouth of 
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any river, the sands having been carried a great distance by the main 
stream. Against the north end of Sunderland street it is represented by a 
horizontal shelf cut in the sandstone. The terrace then widens in the 
extensive plain of South Leverett which rests against the sandstone moun- 
tain on the west and against the crystalline rocks on the east, and runs up 
into the gorge on the east side of Mount Toby. At its head, near the ‘rail- 
road-crossing north of the station, it is a coarse gravel with pebbles 6 inches 
in diameter, and it has a height here of 310 feet above sea. It slopes 
gently to its front, where it has a height of 290 feet above sea, and is made 
up of coarse sand. 

By recurring to the description of the old course of the Locks Pond 
Brook down through the Mount Toby gorge to empty into the Hadley 
Lake at this point (see p. 584) when the ice still filled the Montague basin 
to the north, the reader will understand my conclusion that the main por- 
tion of the great mass of gravel gathered here was swept into its place by 
the Locks Pond Brook, deflected southward, and only smoothed down to 
its present level by the waters of the Hadley Lake. 1 imagine that this 
deflection of the brook by ice filling the Montague basin may have taken 
place when the ice had abandoned all the Hadley Lake except its northern 
lobe in Greenfield. 

Southward, the high terrace is only indistinctly marked against the till 
for a long distance, as no brooks brought in material here. 


THE DELTA OF CUSHMANS BROOK AT NORTH AMHERST AND THE ISOLATION OF THE EAST STREET 
BASIN IN AMHERST. 


On reaching North Amherst we find the high terrace (1s h) developed in 
ereat force and, because of the rising of the block of hills north of Amherst 
Center as a great island in the lake, with considerable complexity. 

A great depression, closed on all sides, extends along the eastern line 
of Amherst, ending on the south at Dwight’s station, having the village of 
East Street in its center and being bounded on the north by the delta of 
Cushmans Brook. . 

It is plain that when Cushmans Brook began to flow into the lake 
there was free communication between this depression and the main area 
of the lake to the west, across the space now occupied by the delta, and 
that for a time the sands brought in by the brook were swept southward 
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along the west slope of the Pelham Hills, forming the extensive sand 
deposits which flank these hills for a long way south. At last, however, 
the delta extended across to the rocky hill north of the North Amherst 
cemetery and excluded the main current from this eastern basin, and from 
this time on the sands of Cushmans Brook were Swept around west of the 
Mount Pleasant block of hills, building up a great terrace, or rather sand 
bar, which extends south to the Agricultural College. The college build- 
ings stand on it, and it ends at the south border of the college farm. 


THE BENCH SURROUNDING THE EAST STREET BASIN. 


By the extension of the delta of Cushmans Brook across the north end 
of this basin a separate body of water resulted, connected with the main 
lake only by narrow channels among the drift hills south of Amherst 
Center. 

The high terrace, continuous southward from the extended delta flat 
at North Amherst City along the flank of the Pelham Hills, is a marked 
object from College Hill. It appears here, as around much of the valley, 
as the highest line of cultivation, and above this horizontal line the hillside 
is heavily wooded. It is a broad sand flat, its material derived partly from 
the sands brought down from the Leverett Lake deposits (see p. 584) and 
partly from cutting into the kettle-holed sands carried along the side of 
the Pelham Hills before the departure of the ice and left at a level higher 
than that of the lake (m t, Pl. XXXV, C). Fort River, opposite Amherst, 
coming out of the Pelham basin, adds somewhat to its width, but less than 
one would expect, the main portion of the sands brought down by this 
stream having been at an earlier period carried southward, as detailed on 
page 578. 

South of this stream the terrace is a marked bench cut in the sands 
thus carried along the slope at a higher level than its own (m t), and it 
swings round the west side of the great drift hill north of Dwight’s station 
and continues east as a horizontal bench notched in the south face of the 
delta of the earlier and higher stream (see PRocd aay was thence continued 
south and west as a bench cut in the older sands across the entrance of the 
Belchertown Pass, for at this time the waters certainly did not go through this 
pass, as the lowest point in the sands across north of the Belchertown ponds 


is about 30 feet above the high terrace in this latitude. It is continued 
MON XXIx——41 °- 
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westward along the north foot of the Holyoke range, still as a bench cut in 
the irregular sands which are heaped so high along its flanks. 


SHORE NOTCHES IN THE SIDES OF DRUMLINS. 


Along its western side the Kast Street basin is bounded by a continuous 
line of drumlins, and the high terrace is marked by a horizontal fluting cut 
in these drift hills. As all the hills south of Amherst village stood as 
islands in the lake, while narrow channels connected the East Street basin 
with the rest of the lake to the west, this fluting surrounds them on all 
sides, and the same was true of the great block of hills north of the village 
until, by the extension of the delta of Mill River, or Cushmans Brook, it 
was joined to the mainland and made a peninsula. 

This horizontal fluting is well shown in the drumlin which rises north 
of the Methodist Church in Amherst. Starting from the top of the hill, 
one follows down on either side its regular curved slope for a distance, 
when it suddenly grows much steeper, and then, at the 300-foot contour, 
begins a much easier slope. One comes down to this contour line on till, 
but here begins a shore gravel bed, at first thin, but thickening outward, as 
its surface has a lesser slope than the old surface of the drumlin upon 
which it rests. 

So long as this East Street basin was open to the north, the water 
moved through here with considerable velocity in flood time and swept 
such material as it could erode from the drift hills themselves southward 
along their slopes (there were no brooks in these isolated hills to bring 
down material and build up deltas), and so the bench along this side is 
scantily represented by sloping sheets of gravel concentrated from the till. 

Just north of the New London Northern Railroad station, for several 
hundred feet west of and above the railroad, the bench widens into a con- 
siderable sand plain, recently built over. The sands dip south in great 
sheets, which were pushed over the south front of a deltalike bar and carried 
south through the notch in which the railroad runs. 

Across the village of Amherst the waters of the two basins were con- 
tinuous. Farther south the fluting is carried along College Hill below the 
church and the gymnasium. It surrounds the long isolated drumlin south- 
east of College Hill, and the section through the south end of this hill made 
by the Central Railroad showed that a great hooked bar of gravel was 
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carried out south from the nucleus of till with an anticlinal structure like 
a nest of inverted canoes, a type repeated in connection with all the other 
isolated drumlins farther south. 

At first the axis of the bar seems to have been shifted now to the right 
and now to the left, only part of the deposit of each position being retained 
permanently. ‘Then the layers are continuous, flat on the top for 30 to 50 
feet, and dip east and west. On the west side it was built up with easier 
slope and finer material, as the bar was being carried south across the some- 
what land-locked bay south of College Hill, where it opened eastward 
into the East Street lake, and the main current, sweeping down the East 
Street channel, not yet closed on the north, wore a deep fluting into the 
east side of the drumlin and carried the material south in great sheets of 
coarse gravel, often 3 to 8 feet thick, to form the eastern slopes of the canoe- 
shaped layers, while, if we follow these sheets over to their western slopes, 
we find them made up of much finer sand, at times slightly gravelly. At 
the bottom of the western slopes the sheets run west horizontally for a little 
distance and then mount up gradually onto fine clays, which latter in turn 
sink with slight dip eastwardly beneath the sands and below the level of the 
cutting. This shows that the water stood at this high level for a long time, 
allowing the fine clays to accumulate (which happened at a higher level in 
this sheltered bay than in the deep East Street basin), before the bar was 
pushed south over them. 

The village of South Amherst is built on such a bar carried as a ridge 
from one drumlin to another, and the road running south from the village 
keeps on the bench around the east side of the great drumlin south of the 
village, and follows the bar that projects southwardly from it to join the 
high terrace at the “Bay road” along the northern flank of Holyoke. 

South of College Hill is a deep depression, just mentioned, sheltered 
on all sides by drift hills, and never filled up, and another, much more 
extensive, lies west of the village of South Amherst. 

On the decline of the waters a stream draining the East Street lake 
found its way between drift hills into the first, and from this into the second, 
of these partially isolated bodies of water, and through the western line of 
drift hills into the main basin, and cut its way down through the drift so 
slowly that separate terraces were formed around the East Street lake, 
where the streams entered it from the Pelham Hills. Ultimately these 
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streams, uniting in the bottom of the drained lake, completed the erosion of 
the present sinuous course of Fort River, across the drift area south of the 
college, apparently to a level somewhat lower than the present bed of 
the river, without striking rock, for the stream’ now flows over a muddy 
bottom, and there is no trace of the sheet of bowlders which it must have 
concentrated out of the till. It has, however, sufficient slope for a water 
power, and the ponding back may have caused it to cover this up, as below 
the dam it flows over a bottom of coarse bowlders. 


THE HIGH TERRACE OR BENCH ALONG THE WEST SIDE OF AMHERST RIDGE. 


So long as the water passage from the main basin into the north end 
of the East Street basin was open, and the sands of Cushmans Brook (or 
Mill River) were carried down along the flank of the Pelham Hills, the 
work of the lake waters along the west side of the Mount Pleasant block 
of hills, and along the west side of College Hill, and its prolongation north- 
ward to the head of Prospect street, and of Mount Doma farther south, 
consisted mainly in the concentration of a coarse, well-washed and well- 
rounded beach gravel out of the till, of which all these hills are composed. 

Because of the narrowing of the channel by the hills named above, 
and by Mount Warner, farther west in mid-channel, the current was here 
somewhat accelerated, and, aided also by the prevailing west winds, wore 
with exceptional force into the hillsides along the line we are now trac- 
ing, cutting deep into the till along the 300-foot contour, or a little lower, 
as the effective erosion level was often somewhat below the highest water 
stand, and forming thus a broad horizontal or outwardly sloping bench in 
the till, over which sheets of the concentration gravel spread in bars and 
low ridges. 

The exceptionally steep slope above the 300-foot contour, often, indeed, 
slightly concave, which I have called the horizontal fluting, is best devel- 
oped along the west flank of Mount Pleasant and its continuation north 
past the Plant House and through the chestnut woods farther north. All 
the plain south of the Plant House has been formed thus by erosion, and the 
hill formerly extended here as far west as the new road to North Amherst 
across the College farm. 

The gravel spread over this plain in great sheets has been largely used 
for sidewalks, taken mostly from the pits just south of the Plant House. 
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where a few feet of digging exposes the till below. This plain sinks away 
to the next lower level on the west, that on which the Agricultural College 
buildings are placed, because the old surface of the till had this configura- 
tion and was not filled up, the outer (western) portion of this latter plain 
being, however, made up of thick sands through which the brook has cut 
between the college buildings. This sand is the southern tongue of the 
delta of Cushmans Brook, carried along the western flank of the Mount 
Pleasant hill after this delta had grown across so as to abut against the 
north end of this hill, and had thus built out the great sand plain which 
stretches north therefrom, and the main current of the brook, rounding the 
hill itself, carried the sand south along its western flank, at a level much 
below that of the high-water stand of the lake. 

Farther south, Mount Pleasant breaks down suddenly, and a short dis- 
tance to the west a rocky projection at the head of North Prospect street 
rises 30 to 40 feet above the old high-water stand. This mass of rock, 
which has now been mostly covered up, used to be called Pikes Peak, and 
for convenience I will continue to employ that name. Between Mount 
Pleasant and Pikes Peak the water had free communication with the East 
Street basin across the village of Amherst. The water line followed the 300- 
foot contour around the south spur of Mount Pleasant, extended as a rounded 
bay up its eastern side, skirted on the south the hill on which Professor Tyler's 
house stands, and so swung around northeast to join the broader terrace 
above the railroad. (See p. 642.) From Pikes Peak the water line extended 
south just west of and at the next level below Prospect street for the whole 
length of this street, turned southeast through the grounds of the president’s 
house, crossed South Pleasant street and ran at the foot of the sharp slope 
south of the Octagon, skirted the College Hill on the south and east, and 
on the north ran just north of the Lucius Boltwood house, now Hitchcock 
Hall, and along the south border of the common, and bending north and 
crossing Pleasant street it ran north just west of this main street of the 
village, past the hotel front, to the point of beginning at Pikes Peak. ‘Thus 
an L-shaped island, with the College Hill as its horizontal and the Prospect 
street ridge as its vertical portion, rose above the level of the flood waters, 
which came up almost exactly to the level of the post-office steps. It must 
be remembered that the level of the college chapel was once continuous 
under the Octagon, the library, and the X¥ house, and that the deep notches 
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of the roadways are the result of subsequent excavation, and that the surface 
is changed by grading north of Walker Hall and the Octagon. 

Through this passage between Mount Pleasant and Pikes Peak there 
was a steady set of the current which has built up the broad area of finely 
washed and sorted gravels which stretch across and down through the pass 
and which are well exposed all round the Catholic Church. Southeastward 
they stretch as a flat of finer sands, with a layer of concentration gravel 
capping it, across from Professor Tyler’s hill to College Hill. The two stone 
churches and the high-school building are on this sand plain. College 
street lies so near its border that the houses on the north side have cellars 
in sand; those on the south side have wet cellars, as they cut through the 
thin border of the sand and get the drainage which comes down from the 
College Hill on the surface of the impervious till beneath. 

The current swept the sands across in a line from the Catholic Church 
to the high-school building and the common. An area in the recess of the 


Fa. 37.—-Section of shore beds of Hadley Lake south of College Hill, at Amherst. The cutting was 18 feet deep. 


L-shaped island, the south half of the common, was not filled up quite to 
the true level and was underlain by till at no great depth, and so was orig- 
inally a very swampy place. It has been filled in considerably, and along 
most of the street to the east and the whole of the street to the west of it 
the artificial filling has been so great that the waterworks ditches did not 
reach the undisturbed sands. 

Along the whole west side of the L-shaped island the level of Lincoln 
street is the level of the high terrace. It is a bench cut in the till, very 
broad, and but little covered by sands, since all that the main stream 
obtained from the delta of Cushmans Brook was swept in across the village 
to the East Street basin. 

Thin cappings and bars of sand are applied to its surface and to the slope 
down to the lake bottom, and can be well studied from the side of Mount 
Warner. Along Lincoln street the cuttings of the waterworks struck till 
for more than half the distance, and along every street which crosses this 
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shore line I have at one time or another had opportunity, in cuttings of the 
water or gas companies, to locate exactly this old shore line and plain. 

College Hill breaks down like Mount Pleasant, and southwest, at Professor 
Harris’s house, begins another drumlin, named Mount Doma (by President 
Hitchcock), from its regular shape. Between the two the waters passed 
southeast into the depression south of College Hill, and a broad, thin sheet 
of gravel stretches through the pass, and is well exposed in the cutting of 
the Central Railroad. Everywhere through this pass the till is but a little 
distance—at most 6 feet—below the surface, as at the bridge over this 
cutting on Woodside avenue. 


— 


Fic. 38.—Enlarged section of the south side of cutting shown in fig. 37. The section represents the south side of the 
railroad cut beneath the bridge shown in fig. 37. 


Fig. 37 shows a section south from the Octagon, on College Hill, through 
the cutting of the Central Railroad, at the point where the highway crosses 
it. It is interesting as showing sands under the clays and separating them 
from the till. This is the only instance of the kind I have seen in the 
valley. The clays thicken off into the deep water south and southeast, and 
northward grade to sand layers, and these to the beach gravels which make 
this broad flat and which are spread over the bench cut back in the till, by 
which cutting the sharp slope south of the Octagon was produced. The 
varying currents from the west are finely shown by the detailed sections 
figs. 38, 39. The quiet water allowed the clay layers to form, and then the 
strong current crumpled them. 


648 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


Farther south, the terrace swinging round either side of Mount Doma 
is continued in an exceptionally long spit of gravel which bends round 
southwest and continues to Fort River, and beyond the river a peculiar 
ridge of sand, sloping down gradually to the depression west of South 
Amherst and westerly to the main basin, is carried south to the high ter- 


race skirting the north flank of Mount Holyoke. This seems to me a bar 


thrown across the mouth of the deep bay which occupied the second depres- 

sion, mentioned above (p. 643), by the current of the main stream coming 

down through the channel between Mount Warner and the Amherst ridge. 
THE BENCH AROUND MOUNT WARNER. 

As one looks at this isolated rocky hill from Amherst a northern por- 
tion, horizontal and at the level of the high terrace, attracts attention, and 
investigation shows this to be a broad, rudely horizontal rocky bench but 
slightly covered with loose material. To assume that this perfectly terrace- 
\W 


Ct SOMA, 


Fic. 39.—Detail of clay layer crumpled by the current, from fig. 38, to show how the layer was carried along by the 
friction of a current from the west. 


like portion of the mountain was planed down to the level of ‘the high ter- 
race by the flood waters would be to assume that this flood period was 
immensely longer than we have been accustomed to think it, and longer 
than the other phenomena connected with it would seem to warrant. 

An inspection of the map will show that south of the mountain a great 
tail of sand extends southeast to the Northampton road. Just under the 
south end of the mountain a pond occupies the place where the waters meet- 
ing from both sides around the mountain stagnated and thus prevented the 
sands from building up quite to the highest level, but farther south a broad, 
pertectly level sand plain projects at the level of the high terrace southeast- 
ward, indicating the direction of the current. (See map, Pl. XXXV,C.) I 


imagine it to have been deflected somewhat by the prevailing west wind. - 


This tail sinks like a delta southward and runs out on the clay bottom of 
the lake, reaching nearly the Northampton road. On the west side it flanks 
the mountain for a long way north, but is so blended with dunes carried 
up from below that its original relations can not be clearly made out. 
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This broad, flat, sand-covered plateau in continuation of the south end 
of Mount Warner has the exact height of the old Hadley Lake. Its direction 
(southeast) was a great puzzle to me, and I tried to explain it by supposing 
that the south current and the west wind produced a resultant southeast 
direction in the great sand spit. Recently (1888) excavations along the 
road south from the Catholic cemetery have shown that all along the south- 
east front of the plateau the till lies almost at the surface and makes the 
explanation more probable that the whole mass of the deposit is due to 
ice, and that the north-south valley movement of the ice is here, where 
the valley is unusually wide and open, replaced by the usual upland 
(N. 30° EK.) movement, and this agrees with the strong pressure of the ice 
along the west face of Deerfield Mountain. Only the surface and slopes of 
the plateau were then molded later by the water and covered and flanked 
by sand. bars. 


THE LAKE BENCH ALONG THE NORTH SLOPE OF THE MOUNT HOLYOKE AND 
MOUNT TOM RANGE. 


I have already (p. 586) called attention to the fact that great masses of 
irregular sands are in places heaped up against the flanks of these ranges at 
heights much above the highest water level of the Hadley Lake. Where, 
as along south of Amherst, the high terrace is a bench cut in these sands it 
sinks gradually, and often without any marked change of slope, into the 
lake bottom, as if there had been here no marked current, but an undertow 
had drawn the sands in large quantity down into the deeper water. 

Farther west, south of Hadley and in the Holyoke notch, the current 
was more marked; but the material at the disposal of the stream was less 
in amount and the terrace is a narrow bench, often of till, and from the 
entrance of the notch down to Titans Pier the waters cut back the till in a 
broad bench and ‘then wore into the trap and sandstone, producing a ver- 
tical wall which the talus of fallen trap has not yet obliterated. 

Across the river the same conditions hold. Above the highest terrace 
level, as determined by its coincidence with the Florence plain, higher 
levels of coarse sand occur and the lake bench slopes inward to where it is 
cut off by the later erosion of the Connecticut, or when we get beyond this, 
as in Easthampton, it continues its gradual slope to the middle of the basin, 
or to the line of the deepest water of the broad stream which flowed down 
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across the Hampton plain. Along this portion of its course, between Nona- 
tuck and Mount Tom, fine bowlder beaches mark the outer boundary of the 


high terrace. 
THE WESTFIELD PLAIN, 


I have followed the high terraces on either side of the broad Hadley 
Lake and found them much more intimately connected with the Southamp- 
ton Valley than through the gorge of Mount Holyoke with the Springfield 
basin. They are confluent with the broad Westfield plain, one of the most 
interesting deposits of the river. 

The broad, unfilled lake, 15 miles wide opposite Northampton, nar- 
rowed across Southampton to a width of 3 miles, and on the south line of this 
town two long ridges, White Loaf and the high hill to the west of it, Kast 
Farms Hill, rose as islands in its course, and the waters passed on south by 
three narrow channels—respectively 180 rods, 120 rods, and 360 rods wide, 
counting from west to east—into the Westfield plain, the filled-up portion 
of its ancient bed. These passes formed a waste gate through which the 
overflow of the river went with velocity accelerated by the narrowing of 
its passageway. It swept the abundant kame sands (m t) which had been 
spread at the western foot of the Mount Tom range and over White Loaf 
through the eastern and middle channels, and this is the proximate source 
of the trap pebbles traced far south across the plain by Mr. Diller. The 
sands of the Manhan were spread by it over the western portion of the plain. 
As a result, we have coarse gravels concentrated from the kame gravels in 
the eastern gorge, stretching far south across Hampden plain and growing 
gradually finer, and in the same latitudes on the western side of the plain 
the sands are much finer, being derived from the sands of the Manhan. 

That the sand here had this origin in local kame deposits is manifest 
from the fact that along the whole course of the Holyoke-Tom divide there 
are no streams flowing into the river to bring sediment, and through all this 
length the high terrace is for long distances wanting or marked only by a 
narrow shelf cut into older deposits, and certainly nothing was brought 
from the upper waters of the river across the broad, low clay bottom of 
the lake in Easthampton. ; 

The delta deposits of the Loudville branch, swept along the west side 
of the basin, had, south of Southampton village, shrunk to a narrow shelf, 


1J. 8. Diller, Geol. of Westfield: Westfield Times and News Letter, Sept. 19, 1877. 
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and yet, immediately after passing the two obstructing hills, the waters 
have filled the broad valley (which is over 34 miles across at its narrowest 
point) well-nigh to the height of the highest terrace, everywhere from side 
to side, and for 10 miles south. Where the waters swept around the two 
hills mentioned above, broad grooves appear in the plain, hugging the sides 
of each hill (1f*), and joining and running out southward on the plain for a 
long distance, with a tail of higher sands between them; and from the south- 
east corner of White Loaf a heavy bar of coarse gravel (lsh) runs out 
southeast, and east of this was left the great depression of the Hampden. 
ponds. 

White Loaf ends near the north line of Westfield, but the East Farms 
Hill is continued in a low, broad reach of till down halfway to Westfield 
village, dividing the plain, but in all its southern portion hardly rising 
above the surface of the highest waters, and bounded by a marked bowlder 
beach. 

On the west side was the real thread of the current of the broad river, 
and this was early utilized for the Farmington Canal. Just on the north 
line of Westfield the main stream received the waters of the Manhan, and 
the increased eroding power derived from their junction is seen in the lower- 
ing of the plain for a mile south of the town line. This was aided, also, by 
the narrowing of the channel through this distance. Then the valley quite 
suddenly doubles in width and the low thread continues along its eastern 
side, hugging the East Farms Hill, and the plain is gradually built up to a 
much greater height along its western half, and for a long distance south 
the height of its western edge is 300 feet, and it slopes east very gradually 
40 feet and then quite rapidly 25 feet more to the bottom of the deep-water 
channel. Southward, the highest. point in this channel is a mile south of 
East Farms, where the south end of the East Farms Hill drops down and 
the two valleys come together. North of this all the brooks which come 
from the hills of West Farms and East Farms gather in this deep-water cur- 
rent bed and run north. 

The terracelike slope which borders this deep-water channel on the west 
bends round (north of F. W. Griswold’s) to the west and runs west to the 
slope of Pochassic Mountain. The corresponding slope which bounds the 
channel on the east bends east at the same point, and the westward-running 
last-mentioned slope, if prolonged eastward, would just meet and be continued 


652 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


by this similar slope, which stretches east from the Catholic cemetery across 
the Hampden plain. 

The highest sands (1s h) on the east and west sides of the plain run 
south with regular slope and then drop quite abruptly in this terracelike 
construction scarp. The deep cuttings of the Westfield and Holyoke Rail- 
road and the many openings on the north edge of the Westfield basin do 
not give any sign that the Westfield ever wore up to the foot of this scarp. 
Everything indicates rather that the whole plain north and south of the 
later-eroded basin of the Westfield was the result of one continuous opera- 
tion, and that this scarp was formed east and west across the channel of the 
main stream just where the waters of the Westfield River joined its waters, 
and the outlet through the Divide Range gave a means of communication with 
the eastern lake, and thus the carrying power of the main stream was sud- 
denly lessened along this line, and the scarp was the index of that lessening. 
The diminished current carried finer material, and in the steep erosion scarp 
by which one descends from the south edge of the plain to the Westfield 
River basin, a mile south of the Catholic cemetery, we have many deep 
sections showing a great thickness of sands so fine that the owners have 
often attempted to utilize them for brick making, but without success. On 
the south of this broad original depression which guided the Westfield 
rivers finally back to the gorge in the Divide Range and to the Connecticut, 
the fine sands continue in ‘Poverty plain,” west of Little River, rising from 
229 feet on the edge north of the Westfield basin to 264 feet on the south 
of the basin of the Little River, in the center of Poverty plain—an enormous 
waste of desolate sands whose increased height comes from the sands of the 
Westfield rivers swept down around the high drift hills of the “Fox district.” 

The broad “Avenue plain” between the two Westfield rivers is a very 


interesting portion of the original plain of the flooded river. It is now about ~ 


a mile wide and 4 miles long, and stretches from where it rests against the 
drift border of the valley between the two Westfield rivers, at a height 
of 290 feet, eastward to the cemetery in Westfield, descending 16 feet 
per mile (Diller), and bounded north, south, and east by the deep erosion 
basins of the two rivers. It is made up very largely of quite coarse and 
well-washed gravels, even out at its eastern end, which are exposed in 
many natural sections and gravel pits, notably just east of the cemetery, 
where the well-sorted and rounded gravel is 12 to 14 feet thick and rests 
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upon sands. These sheets of gravel stretched, I have no doubt, right across 
the area now occupied by the basin of the Westfield River, and were con- 
tinuous with the fine gravels just northwest of and above the railroad station. 
Here there is a thoroughly classified bed of 4 to 6 inch pebbles, all well 
rounded and made up very largely of the peculiar hard Laurentian gneiss 
of Washington and Hinsdale and of the Berkshire quartzites, both brought 
down from the headwaters of the Westfield River. 

Mr. Diller calls attention to the depression of the east end of this Ave- 
nue plain 17 feet below the adjacent plains. I believe this plain to have been 
formed as it now is during the flood time of the main river, and to owe its 
slope to the heavy flood of the Westfield River, which kept this passage 
between Pochassic Mountain and the West Parish Hills scoured out, and 
carried out over its bottom the broad sheets of coarse gravel which reach 
east to the village of Westfield. The position of these gravels over the 
underlying sands is the normal one all up and down the valley wherever 
a delta is advanced into deeper water, and the two beds are parts of the 
result of a single operation. The flood of the Westfield then, as now, pre- 
ceded that of the main stream, and thus annually swept its channel clear 
and gradually built up its heavy gravel beds. . 

Poverty plain is continuous across Westfield and into Southwick. 
It begins to contract in width on the town line, and from Southwick Hill 
southward has a width of little more than a mile and a half. The con- 
finement of the waters in these narrow limits, by increasing their eroding 
power, seems responsible for the long, shallow depression of the Congamuck 
or Southwick Pond, and for the curious course of Great Brook, which, 
starting from the middle of the pond on its west side, runs north among the 
drift hills, and, leaving them, takes a diagonal course across Poverty plain, 
passing within 100 rods of the head of the pond, and finding what I imagine 
was the thread of the current of the main stream and following it back 
until it joined the Westfield near the divide gorge. 

The thread of the current passed out of the deep water over South- 
ampton village and by the west pass down to and across the place where 
Westfield village now stands, and then, on receiving the waters of the 
Westfield rivers, bent east to near the gorge, whence it followed the present 
course of Great Brook to and across the whole length of Southwick Pond, 
and so southward across the Farmington basin and by the course of Mill 
River into the sound at New Haven. 
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An inspection of this Westfield-Southwick plain as represented on the 
map will, I think, convince one that it was constructed by a broad, very 
shallow body of water, often broken into separate threads meandering across 
the plain, which were separated from one another by long intervening bars 
and spits, bounded by construction scarps, at times quite steep and fluted 
on the convex side of the curving channels, but often of long and easy slope. 


THE GREATER ELEVATION OF THE TERRACES IN THE WESTFIELD THAN IN THE 
SPRINGFIELD LAKE. POSSIBLE WESTERN ELEVATION. 


Professor Dana has noted that the highest normal terraces in the west- 
ern valley are 50 feet higher than in the eastern. Mr. J. S. Diller has 
discussed the matter in an interesting article which was published in the 
Westfield Times and News Letter, September 19, 1877, and which is here 
reproduced: 


THE GEOLOGY OF WESTFIELD AND VICINITY. 


By J. S. DILLER. 


Professor Dana has shown that at Tariffville, Connecticut, where the Farming- 
ton River flows through the Divide range, the terraces upon the west side of the 
range are about 50 feet higher than those upon the east side. At the Westfield 
gap, through the Divide range, the upper terrace on the west side of the range is 2644 
feet above sea level, but on the east side the highest terrace is 50 feet-lower. It has 
been shown by Professor Dana that during the Champlain period the highest flood 
level over Springfield was 240 feet above the sea level. We have shown in a pre- 
vious article that during the same period the highest flood level on the west side of 
the Divide range was 280 feet above sea level. The flood at Westfield was at least 
48 feet higher than that at Springfield. 

The question at once arises, Why was the water so much higher on the west 
side of the range? The answer most frequently given is that the gaps through the 
Divide range were closed, thus damming the water back and raising it to a greater 
height west of the range. In the Westfield River gap, upon the south side of the 
river, there are two terraces. The lower one extends directly through the gap, at a 
height of 199 feet above the sea. This terrace is made up of stratified deposits, con- 
taining a large portion of clay. The beds extend, with the terrace, directly through 
the gap. The continuity of the beds is evidence that the gap was open when the 
deposits were made. These lower deposits, we have reason to believe, were made 
during the early part of the Champlain period. It therefore appears that during the 
early part of the Champlain period the gap was not completely closed by either drift 


or trap rock. It should here be remarked that there is, on the right bank of the - 


river, just east of Morley’s bridge, in the gap, a ledge of trap whose top is 21 feet 
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above the highest modern flood level at that place. The ledge breaks the continuity 
of the lowest beds of the terrace, and may have once formed a considerable dam in 
the gap. Above the ledge the beds are continuous through the gap, and are evidence 
that there the gap was open. 

If the gaps in the Divide range were not closed during the Champlain period, 
the height of the water must have been due to some other conditions. There were 
two conditions on which the height of the water seems to have depended, viz: (1) The 
narrowness of the gaps through the Divide range, and (2) the difference in slope of 
the valleys east and west of the range. 

Dr. Davis, in his History of Westfield, says that the Westfield River at Westfield, 
during floods in 1819 and 1826, rose 14 feet. Mr. L. F. Root, civil engineer of this 
place and of the Canal Railroad, has recorded a rise of 12 feet during the great flood 
of 1869. Mr. Austin Williams made marks upon a tree near the north end of Morley’s 
bridge, showing the height of the water there during an ice flood in 1855, and also 
during the flood of 1869. In 1855 the water rose 274 feet, and in 1869 it rose 26 feet. 
It thus appears that when the river rose 12 feet at the village it rose 26 feet in the 
gap. Some of the excess in height was due to the inflowing water from Little River, 
but by far the greater part is due to the smallness of the gap through the range, 

By measuring the gap it has been determined that a flood nineteen and one-half 
times as great as the highest modern flood would flow through the gap at such height 
as to cover the top of the highest terrace. 

The overflow from the Connecticut and Manhan rivers entered the Westfield 
Valley by two large streams, neither of which were less than three-fourths of a mile 
in width, and one having a depth of 40 feet in its most shallow portion. Add to the 
water poured into the Westfield Valley by these two streams the immense floods of 
the Westfield rivers and it will be seen that for such floods the gap through the Divide 
range was a small outlet. The smallness of the gap evidently had much to do with 
increasing the height of the water west of the Divide range. 

Supposing the stratified drift were removed from the valleys on both sides of the 
Divide range, we would see that the northern portion of the valley on the west side 
has much less slope than the corresponding portion of the Connecticut Valley on the 
opposite side of the ridge. The valley west of the range is crossed by the red sand- 
stone divides which separate the Westfield River Valley from the Manhan River Valley 
on the north and the Farmington Valley on the south. Such divides are not found in 
the Connecticut Valley on the opposite side of the ridge. 

The lowest parts of the valley west of the Divide range are those across which 
the Westfield and Farmington rivers flow. These lowest portions are considerably 
higher than the lowest, parts of the Connecticut Valley directly opposite, else the 
Westfield and Farmington rivers would not flow into the Connecticut. 

It is evident that at the close of the Glacial period the average slope of the valley 
west of the Divide range was much less than that of the opposite portion of the Con- 
necticut Valley. The two valleys filled, during the Champlain period, with water from 
the Connecticut Valley, in the region of Northampton, acted much like two parallel 
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troughs having their source in the same place and at the same level, but having dif- 
ferent slopes. The water in the one having the least slope must be above the level of 
the water in the other at all points directly opposite. 

The difference in slope of the two valleys, together with the narrowness of the 
gap in the Divide range, seem to be the cause of the greater height of the water in 
this vicinity. 

It seems that the following considerations should be weighed in seeking 
for an explanation of this curious difference of level: 

(1) The Springfield basin is about four times as wide as the Westfield, 
and thus much more material would be required to fill it up to the same level. 

(2) Because of the northwestern recession of the ice the eastern floods 
sent the mass of their sands down through the Monson-Willimantic Valley 
or lodged them in the great series of catchment basins I have described 
above as the eastern series of glacial lakes. 

(3) The same recession of the ice, continued northwestwardly, caused 
the heaviest floods to pour into the lateral or Westfield Valley by all the 
transverse valleys coming in from the west, and of these the Westfield River 
was the most important, because it runs back northwest across the whole 
plateau of the Berkshire Hills and at Dalton opens broadly into the great 
Housatonic Valley, and because it remained the main trunk of the ice 
drainage until the ice had receded from those hills; and while the ice front 
was in the region of Pittsfield the drainage of a portion of the Upper Housa- 
tonic was deflected into this valley, producing the interesting sand plains in 
the upper valley at Hinsdale and bringing down bowlders from this region 
to spread over the Westfield plain. 

The combined effect of these three conditions seems sufficient to explain 
the lower level of the eastern plain, and instead of saying that “‘the flood at 
Westfield was at least 48 feet higher than that at Springfield,” I should say 
that the waters were 48 feet shallower in the Westfield basin than over 
Springfield. 

_ Where kame sands were heaped up in the Springfield basin the high 
terrace is notched in them at nearly the same height as in the Westfield 
basin; as, for example, on the extreme east of the basin in Wilbraham or 
north in Holyoke. At the notch in the Divide Range occupied by the West- 
field River the exact surface of the lake bottom has, of course, been 
removed by the later erosion of the river; but at the next notch south, at 
Risings, just on the State line, the surface is well preserved and is very 
instructive. It is what might be expected on the assumption of a narrow . 
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channel between the two extensive bodies of water and a larger influx into 
the western basin, and thus a current through into the eastern. There was 
an eroding current which cut a narrow channel back westward from the 
gap and transported little material into the eastern basin, as the sands of 
the western basin were delivered into it on the other (western) side. 

In the Springfield basin the broad Agawam plain, 220 to 230 feet high, 
is composed of fine sand and extends right up into this narrow gorge, which 
passes through the gap and bends north and ends abruptly. This channel 
is not occupied by a brook, and after passing through the gap in the trap 
range it extends into the Westfield plain, being there worn in till and high 
terrace gravels. 7 

Mounting to its rim, we find the coarse gravels of the Westfield plain 
at 280 feet stretching westward, sinking slightly, and growing finer, and 
forming the broad sand plain that extends across to Congamuck ponds. A 
brook which flows north to the Westfield River has cut its way back nearly 
to this dry gorge; but the latter remains still intact, though a high, narrow 
ridge is all that now separates them. This dry gorge was the erosion chan- 
nel caused by the escape of part of the surplus waters from the western into 
the eastern basin. ‘The waters stood at practically the same level, but the 
coarse sands that drifted south in the western basin stood at 280 feet, and 
the fine sands drifting south in the eastern basin stood at 220 feet. 

An examination of the diagram, Pl. XIV, will show the relations of the 
two basins. There remains a distinct possibility that part of this difference, 
say about 20 feet, may prove to be due to a post-Glacial elevation of the 
western portion of the area under consideration. The evidence of this is 
that the broad, flat delta plains in front of the Chicopee River outlet 
at Collins Mills, on the east of the basin, and of the Scantic Brook, at 
Scantic, in Longmeadow, are 260 to 265 feet above sea, while the corre- 
sponding levels at the head of the delta of the Westfield are 285 to 290 
feet above sea. ‘The eastern streams cut through glacial lake beds in their 
upper waters, and, it would seem, should have built out their deltas in the 
lake up to flood level. 


THE SPRINGFIELD LAKE. 


The Holyoke range, lying in the midst of the Connecticut Valley like 
an inverted L, or like a blowpipe, its tip approaching the crystalline border 


of the valley at the Belchertown ponds, broken at its bend and in the 
MON XXIx——42 
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middle of its length for the passage of the Connecticut and Westfield rivers, 
bounds on the north and west the bed of a third lake, which extended south 
across the borders of the State to the point where the river enters the nar- 
rows at Middletown. Its eastern boundary was the high rocky border of the 
valley across the towns of Belchertown, Granby, Ludlow, and Wilbraham. 

The two notches mentioned above were narrow straits connecting this 
lake with the Hadley Lake, and only a very small portion of the sands and 
gravels which now fill the latter came through these notches from the 
northern lake. This was especially true of the northern passage, for over 
a broad area in front of it the bottom of the Hadley Lake was filled up 
only a few feet above the present level of the meadows, and that with lami- 
nated clays capped by fine sands, while immediately south of the gorge the 
sands are coarse and are built up to a plane 100 feet higher. 

Of course, the narrow Holyoke range on the north and west never fur- 
nished any considerable tributary to the lake after the ice had disappeared 
from its north and west slope, but the ice melted away south of the moun- 
tain much more rapidly then it did north, and there was a long time when 
bodies of water gathered upon the ice in the northern area and swept 
through the notches in the Holyoke range, carrying much sand and gravel 
into the southern basin. I have already traced the watercourse south from 
the Pelham basin through the passageway between the east end of the 
range and the erystalline rocks, and through the notch next west, occupied 
by the “Bay road.” (See p. 588.) 

The position of the Holyoke diabase ridges detailed above had great 
influence on the action of the ice. It plowed very deeply into the sand- 
stones north of the main ridge in the Hadley Lake, but to the south it left 
the sandstones.over much of the basin above the level afterward maintained 
by the lake. It seemed also to plow in long grooves, leaving several 
parallel ridges of sandstone, which stretch south across Granby and South 
Hadley. These ridges may be.in part the uptilted western rims of the 
great fault blocks of the sandstone. It deposited also many great drumlins 
on and in prolongation of these ridges. Farther south also, across Hampden 
County, a broad marginal portion of the basin is occupied by low ridges of 
sandstone and till, which rise, for the most part, but little above the level 
of the lake sands. This had two results of importance in the history of the 
lake: (1) So much of the lake was from the beginning shallow that its filling 
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up did not require nearly so much material as did the much deeper Hadley 
Lake; (2) the great multitude of elevations make the border of the lake on | 
the east very complicated. 

The steep eastern border of the valley is notched for the entrance of 
only one tributary which heads back of the first series of ridges. This is 
the Chicopee River, which at the village of Three Rivers gathers all the 
drainage of eastern Hampshire and Hampden counties. In the time of the 
lake it carried certainly a much greater volume of water than at present, 
and as the ramifications of this drainage cover the whole broad area of high- 
level glacial lakes already described, their abundant sands furnished an 
enormous volume\ of already sorted detritus, which is now spread in the 
broad sand flats of South Hadley, Chicopee, Springfield, and Longmeadow. 

The study of the basin brought to my attention several most inter- 
esting problems, and it has been difficult to express upon the map the 
results reached. An inspection of the map will show that I have there 
represented the lake, in contradistinction to the two northern lakes, as a 
nearly filled-up lake. In the former, passing across the high terrace flat 
toward the center of the valley, one comes upon a well-marked scarp of 
deposition, or delta front, which descends to the lower plane of the lake 
bottom. Here one goes out from the head of the Chicopee River delta, 
264 feet above sea, and crosses the broad, gradually sloping sand plains to 
their inner edge overlooking the river meadows at 240 feet, or going south 
across Chicopee, Springfield, and Longmeadow, finds the level sinking from 
255 feet in the north to 180 feet in the south; and yet the whole great 
sand body, the largest on the river, covering a large portion of four towns, 
expands as a great, extremely flat ‘alluvial cone” or delta, with imper- 
ceptible slope from the mouth of the gorge of the Chicopee at Collins 
depot to where it is cut off by the later erosion of the river, and shows 
nowhere any scarp which could justify one in separating the central and 
lower portion as lake bottom from the higher and shoreward portion as 
lake shore. 

A further inspection of the map will show that in the northern portion 
of the lake basin the deposits referred to the high terrace (1s h, Pl. 

XXXV, D) or filled-up portion of the lake are shaped rudely like a comb, 
- with its back stretching along south of the Holyoke range and its teeth 
extending south between the long ridges of sandstone and till across 
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Granby and South Hadley to blend with the extensive delta of the 
Chicopee River last deseribed.. Starting at the northeast corner of the 
area, one can trace the coarse gravels of the Belchertown notch (307 feet 
above sea) southwest continuously to the Granby line, in a band about 50 
rods wide, resting against sandstone on the north and till on the south, like 
a river course, the coarse gravels of the notch (6 inches) becoming gradu- 
ally finer, at the town line consisting of a 1- to 2-inch gravel. Just here 
the band expands westward and southward in the broad, perfectly hori- 
zontal Granby plain of fine sand, which extends south with nearly half 
the full width of the town, and west as a much narrower band, sending off 
a long lobe south on the east side of Granby Hill, and another broader 
lobe west of the same hill, which starts south with a bottom of 6-inch 
eravel (at 266 feet above sea) but grows finer as it goes south. 

The deposits extend still farther west and grow still narrower just south 
of the notch of the Holyoke range, where the waters seem for a little way to 
have passed over the bare sandstones, and they then expand into the broad 
sand plain of Moody Corners (in the wood road running north from the 
Corners fine cross-bedded sands are exposed, above 30 feet thick), which 
extends west across the north of South Hadley, sending several other lobes 
southward. We have here two elements, diverse in character and origin, 
which together form, I believe, the bottom deposits of the lake: to the north 
are the coarse gravels which have plainly come through the Belchertown 
notch and been swept southward by a strong current in the many lobes 
just described, and to the south is the enormous body of the sands of the 
Chicopee River delta described above. 

Southward the lobes of the northern deposits blend with the sands of 
the southern deposit at a common level without the intervention of any 
scarp which could indicate difference of age between the two deposits; 
and this-is the basis of the decision indicated above—that they are strictly 
synchronous and together form the flood deposit of the Springfield Lake. 

A further and most interesting conclusion is that the floods of the 
northern basin continued for a long time to pass across the Belchertown 
notch into the southern basin after the latter was fully abandoned by the 
ice, although (1) the level of the sands in the Belchertown notch is about 
40 feet above the level of the high terrace of the lake to the north, and (2) 
the abundant kettle-holes show that the water ceased to pass through the 
notch before the ice had melted out from below the sands spread there. 
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In connection with the second point, we may call to mind (see p. 718) 
that arctic plants are found in the clays of the Hadley Lake to their top; 
this indicates a cold climate at an even later time than the one contemplated 
here, which would permit the ice to remain buried almost indefinitely. 

As to the first point, the area covered by the gravels in question, except 
toward the west, beyond Moody Corners, was left filled nearly to the 
present level by the ice, and a great body of gravel was swept into this area 
through the notches of the Holyoke range, and last of all, the last floods 
passing through the Belchertown notch spread these gravels and carried 
them south and blended them with the finer contributions of the Chicopee 
River. It does not seem improbable that floods rising 40 feet above the level 
of the confluent deltas of the Hadley Lake may have occurred many times, 
even after the ice had retreated wholly from this lake basin; but it seems 
more probable that the southern basin was set free from the ice so long 
before the northern that the operations here under consideration had been 
in the main completed before the ice finally retreated from the greater 
portion of the Hadley basin. I may refer, also, to the proofs of a readvance 
of the ice in this basin given below. 

A further consideration, to which we now turn, will show that the floods 
through the Belchertown notch continued until after the ice had set free the 
Holyoke notch, through which the river now runs. 


THE ‘‘GORGE TERRACE” OF DRY BROOK HILL, SOUTH OF HOLYOKE NOTCH, IN 
THE NORTH PART OF SOUTH HADLEY. 


The terrace of Dry Brook Hill, in South Hadley, is the most remark- 
able terrace in the valley, and was the type of a class in President Hitch- 
cock’s classification of terraces: If-the deposits removed by the erosion of 
the brooks in the north of Granby and South Hadley be restored in imagi- 
nation, what seems’ an old river course may be followed through the Belcher- 
town notch and along south of the Holyoke range—and it was held to be 
an old river bed by President Hitchcock?—until just south of the Mountain 
House it bends south on a great drumlin southwest of Moody Corners and 
then runs south as a well-defined river channel, skirting this hill on the east 
and bounded on the west by the marked construction escarpment of a long 
flat-topped hill of coarse stratified sand, the Dry Brook Hill, which, abutting 


—— 


1 Surface Geology, p. 5. 
2 eminiscences of Amherst College, p. 279, and map. 
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on the north against the shoulder of the mountain, runs south nearly a mile. 
Going up 35 feet to the top of this hill, one is surprised to see that on the 
west it slopes suddenly down 190 feet to the river which is wearing at its 
foot. The escarpment on the east which borders the channel is plainly a 
scarp of deposition, and the whole terrace was possibly built by the rapid 
current through the Holyoke notch, meeting the current we have traced 
from the Belchertown notch and allowing the sands to gather i... a bar in the 
slack water between the two. Perhaps it should be assigned to a slightly 

earlier period, when the ice, still abutting on the Holyoke range to the north, 
projected through the notch and allowed the sands to gather against its 
eastern flank and on melting let them cave to form the passage for the river. 
The presence of the ice on the north spanning the Holyoke notch is essen- 
tial to the formation of this great terrace of coarse material, because since 
the ice disappeared nothing but fine clay has been brought by the waters 
into the gorge from the north, while the section which treats of the glacial 
eravels carried through the notches in this range (p. 586) furnishes a clear 
explanation for this abnormal deposit. 


HIGH TERRACE OR BENCH OF THE WEST SIDE OF THE LAKE FROM THE HOLYOKE 
NOTCH SOUTHWARD. 


From the notch to the north line of the town of Holyoke the ground 
rises rapidly from the narrow, low terrace up a rocky slope to the crest of 
the eastern trap ridge, and there is scarcely trace of any high terrace upon 
its flank, because there was deep water in the Hadley Lake opposite the 
mouth of the notch and little sand was brought through here. What was 
brought stretched south in a great bar which is almost intact on the other 
side of the river, in Dry Hill, in the north part of South Hadley, just 
described, as can be beautifully seen from the inner trap ridge mentioned 
above. All that passed through the notch on its west side was swept in 
between the two trap ridges and filled a bay north of the burnt stone mill 
above Smiths Ferry. All along the riverward flank of the east trap ridge 
high sands were not laid down because, for this portion of the basin, the 
supply came from the far-off east side, mainly from the Chicopee River, and 
as the deposit expanded westward its level lowered, so that no high terrace 
sands were brought against the till-covered trap slope, and the small inden- 
tation made by the waters at this level has left no trace of its presence. 
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Just at the north line of Holyoke the eastern trap ridge sinks below 
the level of the lake, and over most of the town a great body of till rises 
much above its level, and in this the lake cut back a broad terrace flat, and 
where these drift deposits sank below the level of the lake the latter spread 
its sands broadly across Holyoke and West Springfield. From the north 
line of Holyoke the influence of the great body of sand sent clear across 
the basin from the Chicopee River becomes apparent, and although there 
was no drainage down the trap slope on the west, and the till beneath was 
very largely made up of Triassic shale, the gneissic sands from the east of 
the basin extend out over the till along the line indicated. They bring a 
broad area nearly up to the level of the high terrace, because it was quite 
near that level before; and south of the Westfield River, in Agawam, the 
terrace expands to nearly the width of the town, largely for the same 
reason. It was here, of course, somewhat reenforced by material brought 
through the notch of the Westfield River, but I question if much came that 
way, as the source of the supply in the Westfield basin was across on the 
west side, and the sands were in the main swept south. I think more came 
south over Ashley’s pond and west from the Chicopee River, and that the 
difference of level of the high terrace here and in the Westfield basin is 
almost wholly owing to a deficit of material in Agawam and West Spring- 
field. Toward the river in Agawam the sands come to be of great volume, 
and they once extended across to meet those of Longmeadow, and the lake 
was in this part well filled up when the recession of its waters began. 

THE SIMILARITY OF THE BELUHERTOWN NOTCH TO THE NOTCH EAST OF MOUNT 
TOBY. 

I have already shown (p. 584) how the ice in the Montague basin, 
abutting against the eastern margin of the basin and against the northeast 
shoulder of Mount Toby, turned the waters of the Locks Pond Brook south 
into the gorge between Mount Toby and the high ridge of erystalline rocks 
in the west portion of Leverett, and how these waters cut a watercourse, 
still well defined, through the gorge and sent out a broad delta—the present 
South Leverett plain—into the Hadley basin. Just so the waters of the 
Pelham brooks flowed south from the Hadley basin into the Springfield 
basin through the Belchertown notch and spread the long reaches of sand 


westward down the present course of Bachelors Brook and south to Ludlow 
Mills. 
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THE MORAINE ACROSS THE SOUTHERN PART OF THE GRANBY PLAIN. 


North of Ludlow, in the south part of Granby, is a plain about a mile 
square. It is the south end of the great Granby plain, and is bounded on 
the east by the valley rim and on the west and south by elevated ridges of 
till, which at the southwest corner leave open a narrow passage by which 
one passes from this plain out onto the broader plain of finer sand that 
extends down tu the Chicopee and across west to the Connecticut River. 
A brook has occupied this narrow gateway, and its flood plain is just wide 
enough to render it slightly uncertain whether the larger plain formerly 
extended continuously through and joined the inner plain at a common 
level. The difference in level, if any exists, is very slight, and the inner 
plain is at its south end about 260 feet above sea—a level plain of medium- 
grained sand. Fifty rods north the sand changes to a 2-inch gravel, in 
another 50 rods to a 3-inch gravel, in the same distance again to a 4-inch 
gravel; and it has risen in this distance to 298 feet. It preserves its even 
surface for another 50 rods, and then suddenly drops down into a series of 
great kettle-holes, which continue a hundred rods and end against a moraine 
(t m) that stretches right athwart the plain from east to west, not reaching 
its border on either side. It is unlike any other deposit in the valley, and 
seems exactly like a terminal moraine. The sands swing round it on either 
side and extend north, with here and there a depression, but much more 
regular than immediately south of the moraine. I can not quite understand 
this, or its time relation to the lake sands, but have expressed on the map 
the most probable solution of the matter. 


KETTLE-HOLES AND THE OLD BED OF THE CONNECTICUT. 


As a result of the fact that about all the material which went to fill up 
the lake came from the east side, at the beginning through the Belchertown 
notch, later from the Chicopee River, the Connecticut found itself pressed, 
on the shrinkage of the lake, to its western border; and it has excavated its 
channel so near that border that from Smiths Ferry to Holyoke there is 
only a trace of the lake deposits left on the west of the present stream; and 
in all this distance the river has cut a new bed down into the sandstone, 
while across Chicopee it has cut its bed largely in till. (See Pl. XT polo 
Its present bed seems to coincide with the old one nearly down to Smiths 
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Ferry, since no rock crops out in the bank up to that pot. From here I 
imagine that the old river ran southeast across South Hadley, then across a 
corner of Chicopee and Ludlow to Indian Orchard, foilowing the band of 
brook beds and ponds which can be traced along this line, especially in 
Ludlow, then following the marked line of kettle-holes which extend a 
little west of south from Indian Orchard across Springfield, to join its 
present course not far from the north line of Longmeadow. This line of 
kettle-holes can be traced by the line of ponds on the map, and is espe- 
cially marked in the northern part of the line and for a long distance south 
across Springfield, where the otherwise unbroken level of the enormous sand 
wastes is broken by a great number of these depressions, many of the 
largest size, and only here and there is one permanently filled with water. 
I imagine that remnants of ice lingering longer in portions of the old river 
bottoms were submerged, and remained until the climate ameliorated. 


KETTLE-HOLES AND THE STRUCTURE OF THE HIGH TERRACE SANDS; THEIR 
ORIGIN FROM THE MELTING OF ICE BENEATH THE TERRACE GRAVELS. 


The distribution of kettle-holes is given in connection with the descrip- 
tion of the lower glacial lakes and of the high terrace or shore of the 
Connecticut lakes. The principal areas are (1) along the outer portion of 
the high terrace in West Northfield and stretching through the Bernardston 
Pass; (2) in Northampton; (3) across the high Montague plain south of 
Millers Falls and along the flanks of the Pelham Hills and through the 
Belchertown Pass, in sands of the lowest glacial lake; (4) across the 
Chicopee-Springfield basin. 

Continuous railroad sections have given me exceptional opportunity to 
study them, and have convinced me that the explanation of their origin 
accepted by many geologists is the true one, viz: That they are formed by 
the sinking of the sands from the melting away of ice which has been 
buried beneath them. They range from small shallow depressions, grouped 
together over sand plains elsewhere quite horizontal, to deep sink-holes with 
sides as steep as sand will lie, and without outlet, isolated, or so crowded 
that they are separated only by narrow ridges, and merging thus into broad 
sunken areas with irregular ridgy surface. 

The inner structure of the sands in the neighborhood of the kettle- 
holes increases in complexity and irregularity as the holes increase in size 
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and approach nearer to each other, and where they merge in “reticulate 
ridges” this complexity becomes extreme. 

In a continuous section through a plain abounding in kettle-holes new 
ones came to light which are not indicated by any depression on the sur- 
face, they having been formed and filled before the completion of the 
plain. In other cases this filling has been partial, and in every degree, so 
that a very slight depression upon the surface may indicate an extensive 
disturbance of the beds below. 

In cases where the lamination of the sands is very regular and hori- 
zontal the beds sink down on approaching a kettle-hole, with little disturb- 
ance where the bending is slight; where it is considerable they dip inward 
from all sides with a series of small faults; where the subsidence is extreme 
they are thrown into complete confusion; where they are wholly or partly 
filled the upper layers thicken downward to fill the depression, and have 
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Fic. 40,—Section south of Millers Falls station to show kettle-holes formed by ice melting from beneath the sands. 


often a different structure in the depression from that outside, generally a 
strong cross-bedding dipping in the direction of the current, which shows 
that the sinking took place somewhat suddenly and the next flood found 
and filled the depression rapidly. Where the whole thickness of the sand 
was exposed I found it in one series resting upon a glacial surface of 
gneiss and trap without the intervention of clay, which might have made 
place for the sinking in of the sands by lateral flow, as has been suggested; 
nor is there any indication. of a lateral movement of the sands out from 
under the sunken areas, as I have seen them undisturbed and horizontal on 
all sides as the broad cutting removed the whole kettle-hole. 

These depressions are found only in the lake bench or in the still 
higher glacial lake beds, and are frequent in places, as in the center of broad 
sand plains, where local eddies would be supposed to be least effective. 
Indeed, their great depth, great extent, very steep sides, and irreeular distri- 
bution would make it difficult to explain them in this way. On the other 
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hand, all their peculiarities seem to me to find abundant explanation in the 
assumption that remnants ‘of the ice became covered by the sands, and in 
the then low temperature remained often for a long time, as in the arctic 
countries to-day; and as my knowledge of the region has become more 
extensive I have found more and more evidence of the presence of ice still 
in the valley during the building of the high terrace. 

The accompanying figures show in detail the facts summarized in the 
preceding paragraphs. They are selected from a much larger number, and 
were in part drawn with the thermometer much below zero and are given 
just as they were made. 

In fig. 40,\showing the long section on the New London Northern 
Railroad extending south from the station at Millers Falls and taken from 
the east wall of the cutting, the upper layer is a coarse gravel 5 to 7 feet 
thick, coarsest. and thickest at the north end of the section, where it is nearest 
the source of supply at the head of the delta. Beneath this are fine white 
sands which run in thick sheets horizontally for long distances, the sheets 
showing the finest false bedding. It is perfectly plain that the gravels were 
laid down on a horizontal surface of the fine sands, and that these were 
thrown down in horizontal sheets, and that the sink-holes are of later origin. 

At 1 in the figure is the beginning of the cutting just below the station. 
It is the southern border of an irregular sunken area that sends lobes east 
nearly to the rocks. he fine sands sink gradually below the surface, and 
the great thickening of the gravels may be due in whole or part to a sinking 
of the sands before the whole of the gravels were thrown down. 

At 2 the sinking of the under sands is accompanied by a series of 
small parallel faults, dipping inwardly from the irregular sinking, and the 
gravel thickens downward, partly filling the depression. At 3 is a wholly 
submerged sink-hole, the sands bending down and the gravels thickening 
down to fill the space, showing that the ice melted away before the deposi- 
tion of the upper beds. At 4 and 5 this is repeated. At 6 is a fine kettle- 
hole, and marked faults dipping inward from both sides, accompanied by 
a great number of smaller faults with throw in the same direction. At 7 
the faults are complicated, as if by gradual melting a new substratum had 
several times been produced during the building up of the sands. 

In the lower figure is shown the other side of the cutting, so that the 
two views face each other, as shown by the cross section. Here the kettle- 
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hole (7) was much wider and only the northern border is drawn, showing 
the horizontal sands breaking off abruptly and sands with steep southward 
dip carried in to fill the cavity. The outcrops of trap and gneiss covered 
with glacial strie, at the base of this section, show that the sands extend 
down to the rock, and that no clay exists below them which might by lateral 
flow have allowed the subjacent sands to sink down. Indeed, as the section 
is cut in the center of a great sand plain, such a supposition is plainly 
excluded. 

At 8 begins a general sinking of a broad area; at 9 an earlier and more 
rapid sinking of a limited area, which was filled with gravels that are 
finely cross-bedded with southerly dip, showing that they were carried into 
the depression by a current from the north. Just below this point the 
New London Northern and the Fitchburg railroads separate, and at the first 
cutting below the point of separation on the Fitchburg road the depression 
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Fie. 41.—Section south of Millers Falls to show kettle-hole formed by ice stranded on the surface of the sands, 


represented in fig. 41 was cut across, which is here given in order to contrast 
a cavity produced plainly by the stranding of floating ice with the sink-holes 
under discussion. 

The horizontal sands come toward the cavity undisturbed from either 
side, and at a certain distance below retain their horizontality beneath it. 

Down the slope on the north side the sands are bent down and the 
layers are combed over and disarranged, ending abruptly at the surface of 
the cavity. Below the south side they are squeezed together and finely 
corrugated. A thin layer of gravel appears thickened and irregular in the 
bottom of the cavity and discontinuous on its southern side. The whole 
was filled with a fine unstratified loess, whether wind- or water-brought is 
uncertain. 

Farther west, across the middle of the great Montague plain, runs the 
line of large water-filled kettle-holes already mentioned as indicating the 
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probable position of the old bed of the Connecticut. The great southward 
bend of Millers River extends into this line for a distance, and the stream 
wore freely in this direction, because from the depth of the old channel 
it found here no rock to obstruct it, while all around the rock rises to a 
much greater level. 

A depression in the plain connects this basin with the great kidney- 
shaped Green Pond, with banks 30 feet high, as steep as sand will lie, and 
with about 25 feet depth of water. On the south the bank breaks down 
and a low col connects it with the much larger pond, Lake Pleasant, with 
similar banks and a depth of water of 37 feet, as measured for me by Mr. 
F. A. Rugg, a former pupil. From its south end runs a depression whose 
contours have been changed by the brook which runs in it and drains the 
lake. | 

In Belchertown the sections made by the Central Railroad cut through 
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Fia, 42,—Section of north half of a kettle-hole below Dwight’s station on the Central Railroad, Belchertown. 


many interesting kettle-holes north and south of the Belchertown ponds, 
which ponds themselves belong to the same class of sink-holes. They 
belong to the deposits of the Pelham River (see p. 588), and are thus of 
slightly greater age than the foregoing. 

Fig. 42 gives asketch of a portion of the second cutting below Dwight’s 
station at the “Big Fill.” It is carried along the slope of the terrace, and 
the jagged line in the middle of the figure is explained by the fact that the 
cut of the New London Northern Railroad is just east of and parallel to 
this and the crest caved between them, so that only a few of the telegraph 
poles remained. 

The cutting showed the cross section of two submerged kettle-holes. 
The heavy line commencing at a is the surface of the sink-hole, and it is 
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strongly marked by iron rust. From the north the heavy horizontal pinkish 
sands, underlain by equally heavy cross-bedded sands, both of medium 
grain, come for a long distance, and at a they commence to sink down, and 
seem to have sunk so evenly and on so smooth and regular a substratum that 
they were stretched, and a great number of minute fissures, all about nor- 
mal to the bedding, were formed—fissures so minute that they would have 
escaped attention if they had not been colored by infiltrated iron rust. A 
few slight faults dipping inwardly were also formed. They are unduly 
emphasized from their coloring with rust. Finer, pale-butf,. loamy sands 
rest in this depression and gradually fill it, the sheets being poured over its 
northern edge and thickened below and separately cross-bedded. 

Farther south, at the south end of North Pond, the whole of a good- 
sized kettle-hole was removed, and fig. 43 would, with small modification, 


Fic, 43.—Section at the south end of North Pond, Belchertown, Rau puree » ketie hole de thea eadrareeren 
erosion slope at the south end. 

represent any radial section through it. At the north end is seen the 
quarter of the kettle-hole, with coarse sand and gravel beds above and fine 
cross-bedded sands below, and both sink with a series of small faults from 
their normal position down to form the regular bowl-shaped depression. On 
the south the beds are cut off by erosion. An old torrent bed runs across 
the plain at this point, and the contrast between the two slopes is striking. 

Interesting sections were exposed in the great cutting of fine sand at 
the north end of the filling of the Central Railroad south of Dwight’s station 
(called the “Big Fill” by the engineers). This cutting was in the terrace 
connecting the sands spread through the Belchertown Pass with the great 
delta sent out by Pelham River just north of Dwight’s station. (See p. 588.) 
When this terrace was deposited the ice formed the western bank against 
which it rested, and when the ice had melted back a little the delta just men- 
tioned was sent out into the temporary lake thus formed, which occupied the 
corner of the basin in which Dwight’s station now lies. The surface of this 
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terrace is about 40 feet above the high terrace or bench of the Connecticut 
Lake. . In the eastern wall fine, pinkish sands, with regular structure, indi- 
cating a steady southward current, form the lower and larger portion of 
the section. Fig. 44 is drawn from the west wall of this cutting, about 46 
feet farther west than the other, and it is interesting to see the marked 
contrast between the two. Except for two small kettle-holes, the eastern 
‘section is very regular, while the western is extremely disturbed. The 
sands below the line a are the fine, pinkish, granitic sands of the lower portion 
of the opposite section, and these have sunk down irregularly and have 
been much eroded, and in all the southern portion of the section have gone 
entirely below its level. They are covered by the finer, loamy sands, with 
much more irregular and shifting (flow-and-plunge) structure, and are tor- 
tuous and contorted throughout the whole extent of the exposure, 295 feet 
(only a small portion drawn), in a manner which would harmonize well with 
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Fic. 44.—-Section of kame sands at the north end of the ‘'Big Fill” south of Dwight’s. 

the proposed explanation that they were deposited against and upon a 
shifting and inconstant wall of ice. 

The west and south walls of the “borrow” south of the “Big Fill,” 
at the entrance of the Belchertown Pass, from which material was ‘‘ bor- 
rowed” for the latter, was an example of a region where the kettle-holes 
are closely approximated, and represent the work of the violent current of 
the Pelham River in the presence of shifting ice. The whole south wall 
showed the finest flow-and-plunge structure, whose direction made it seem 
most probable that the current came over the ice from the northwest. The 
other walls showed the most rapid alternations of coarse and fine beds, of 
cross-bedding, and of shifting and confusion from the repeated sinking of 
the ice beneath beds already formed. 

Finally, an example may be taken from a “borrow” along the east 
side of the New London Northern Railroad south of the overhead bridge 
south of North Amherst station, showing the extreme of complexity of 
an area of “reticulated ridges,” where, although the action of water is 
manifest throughout, the deposit might almost be called a moraine, as the 
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action of ice is almost as clear as that of water. It is a ‘‘ moraine terrace,” 
as these kettle-holed plains were called, with wonderful acuteness, by 
President Hitchcock I subjoin my notes of the section as taken July 30, 
1880: 

A perfectly though very rudely and confusedly stratified bank makes 
the upper stratum, commencing at the surface as coarse sands in rapid 
alternations of grade and pretty regularly horizontally bedded, but below 
filling up hollows in the next lower bed, and in places there is quite fine 
sand in the bottom of the hollows. The whole is about 10 feet thick at 
maximum. 

Next below is a single stratum of coarse gravel about 34 feet thick, 
pebbles mostly between three-fourths and 1 inch, but going up to 14 
inches. This has certainly been pushed in all at once in an overloaded 
flood current, and has gouged into the stratum of sand below, gathering it 
up here and there in folds and in other places blending it with its own 
material. 

Next below are the remains of a sand stratum, in its upper portion fine 
sand, in places well washed, and 1 to 3 feet thick, or in alternations of fine 
and coarse sands, the latter also well sorted, the whole stratum nearly 7 
feet. This graduates below into a coarse gravel, made up for the most 
part of pebbles three-fourths of an inch long, of which 10 feet are exposed. 

It is noticeable that the great majority of the largest bowlders are 
thoroughly rounded, especially the quartz bowlders, and many are hard, 
far-traveled rocks, while side by side with these are many not worn at all, 
and in one case I found a well-scratched glacial bowlder. 

The great angular masses of the coarse Mount Toby conglomerate 
are more than 3 feet ona side. South of the cutting a bowlder of conglom- 
erate 9 feet across lies on the surface of the ‘‘ moraine terrace,” and a peculiar 
mound rises above its general surface 12 to 16 feet. 


LAKE BOTTOMS. 
THE BOTTOM OF THE MONTAGUE LAKE. , 
From the high terrace or lake bench (Ish, Pl. XX XV) one passes down 


over a scarp of deposition, not of erosion, to the corresponding and syn- 
chronous lake bottom (1bt). This scarp is quite generally well marked, 


1 Surface Geology, 1860, p. 33. 
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especially opposite the entrance of streams. At times, however, especially 
where the water stood against older sand deposits and where there was little 
current, a very gradual slope goes down to the lake bottom from the old water 
surface notched in these sands, and no sharp line of demarcation exists. 

In the northern part of the Montague Lake the filling was nearly 
complete and the lake bottom is at a high level, and the deepest portion of 
it, the thread of the old stream, has been removed by the later erosion of the 
river. Beers plain, in Northfield, is the principal area’of the old lake bot- 
tom (or here, rather, river bottom) in this northern portion. It is separated 
by the great delta of Millers River from the deep, unfilled depression in 
which lies the village of Montague. The latter is a deep hollow, sur- 
rounded on three sides by rock, while on the north the great scarp of the 
above delta forms its boundary. The many streams which join and run 
across the bottom of this small basin have obliterated most of the old sur- 
face of the lake bottom. 

There is a certain curious parallelism in many orographic features 
between this basin and the much larger Amherst basin. The village of 
Plainville, in this latter basin, has the same relative position as Montague 
village. To the west of each rises a great hill, which stood as an island in 
the lake, and around the north side of which runs a stream draining the 
basin. To the southeast a sharp notch between the Trias and the crystal- 
line rocks passes into the next basin south. To the south the Connecticut 
cuts through the Trias in a narrow gorge, and to the southwest, in each case 
extends the broad lateral valley once occupied by the flooded river. 


THE HADLEY LAKE BOTTOM. 


Here, as compared with the preceding basin, the conditions are wholly 
reversed, and the space occupied by the high terrace is, especially along the 
east side of the basin, very small as compared with that covered by the lake 
bottom. The real disproportion will appear more clearly if one imagines 
the color of the lake bottom (1bt) on the map extended across the succes- 
sion of shades (t 1-4) which represent the later erosion terraces cut in this 
lake bottom by the Connecticut and its tributaries. This disproportion is 
as striking in a vertical as in a horizontal sense, since the undulating lake 
bottom is over broad areas raised only a few feet above the present flood 


plain of the Connecticut. 
MON XXIX———43 
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In the northern part, in Greenfield, the lake bottom is elevated nearly 
to the level of the shore bench, as the lake was here shallow from the 
beginning, and narrow, and’ it is covered mainly by quite coarse material. 
Farther south, in the south of this town and in the north of Deerfield, the 
original depth was greater, and a great thickness of clays gathered, over 
which the flood sands were swept, as detailed in the section. (See p. 634.) 

South of the delta of Deerfield River, through the southern portion 
of Deerfield and through Hatfield, the lake bottom is a-broad, almost 
perfectly horizontal sand plain; chosen fer the base line of the Borden 
survey as the most perfect plain in western Massachusetts. It is under- 
lain by fine white sands, with delicate cross stratification dipping very 
commonly about 15° S., changing downward pretty suddenly into fine, 
horizontal clays. This plain extends from the foot of ‘The Rocks” across 
Hatfield with a height of only about 13 feet above the highest flood plain 
of the Connecticut, and is continuous across the river in the extensive 
plain of exactly similar character and elevation which extends from the 
south of Sunderland down through North Hadley and the west of Amherst, 
and, dividing on Mount Warner, sends one lobe down past its eastern base, 
between it and the Amherst ridge, while the other entirely similar lobe, 
which formerly skirted its western base, has been largely removed by the 
oscillations of the river and disguised by the abundant dunes which have 
formed over the remaining portion. 

One can not well cross the Amity street meadow, west of Amherst, and 
study the lower slopes of Mount Warner and its southern prolongation with- 
out feeling that the meadow was the bottom of a stream whose current 
molded the sides of Warner. This hill stood like a pier in the midst of 
the broad water, but nearer its western side, and the currents dividmg on 
it wore deepest around its northern base; and the grooves. thus formed 
extended south, widening and shallowing, being best developed at Amity 
street—a little higher and less marked where it crosses the Northampton 
road, but traceable like a distinct river bed for a long way south through 
the woods, until it rises and blends with the broad plain in the southwest 
part of Hadley, after the obstructing hill had been passed. 

It is plain that the western branch of this groove, occupying a narrower 
passageway and directed toward the Holyoke notch, was the deeper, and 
so determined the course of the main stream on the recession of the waters. 
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Because the eastern branch was deepest toward the north and rises and 
widens to the south, it has given rise to a curious little drainage area, whose 
smaller streams head in its southern higher portion and gather and run north 
around the north end of Mount Warner. 

An inspection of the map will show that the tail of the high terrace 
carried out from Mount Warner is curiously directed southeast, another 
indication of the greater force of the current through the passage to the 
west of the hill. This tail is carried south across the Northampton road. 
Extending across this road and much farther south to the base of the Holy- 
oke range, is a broad, very flat plain, underlain by clays of great thickness, 
which for a long way south are covered by only a thin layer of sand, so 
that the whole rainfall over the area is kept very near the surface, and the 
brooks are large and run in very shallow beds. 

The groove mentioned above, worn by the waters parting on Mount 
Warner, seems to have been cut into the clays which had been previously 
deposited to a higher level than the bottom of the groove over the area 
where the latter was formed. This is especially clear where the Northamp- 
ton road crosses the groove just west of Amherst and rises upon the plain 
south of Mount Warner just mentioned. It goes up over the edges of the 
horizontal clays to reach this plain. Also, on the west side, the clays rise 
at the south line of Hatfield 72 feet above the river level. This falls in with 
many other indications that in the latter portion of the highest water stand 
the eroding and carrying activity of the stream was considerably increased. 
Another similar indication is that over the lake bottom and in the high 
terrace everywhere, and under every variety of circumstances, a coarser 
stratum overlies finer beds as the last deposit of the flood time, as if the 
final melting of the ice from this drainage area had come with some 
suddenness. 

At the foot of Amity street another interesting observation and deduc- 
tion may be made. Along the side of Mount Warner and its southern 
prolongation, as well as along the slope of the Amherst ridge east of us, 
the long sand bars are carried south just as they were left by the flood, 
and they merge below with the broad, flat thread of the channel, it also 
being just as it was left by the same current (barring, of course, the small 
erosion of the brooks); and down both the slopes there is no intermediate 
terrace or line of erosion to indicate any intermediate water stand between 
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the high-water stand of the flood time and the present flood plain of the 
river; and this observation may be made over all the area I have been 
describing in this section south of the old waterfall at the Lily Pond in Gill. 
(See Pl. XXII, p. 725.) This indicates a very sudden shrinkage of the 
waters from their maximum to nearly their present volume. 

I have had occasion already to speak of the depression south of Col- 
lege Hill, among the drumlins, and of the more extended and much deeper. 
depressions west of South Amherst, and to some extent, also, of the still 
larger depression of the East Street basin. (See p. 641.) 

The best point from which to study this basin is at the highest part of 
the road going north from East Street village. One looks across to the 
massive terrace which flanks the Pelham Hills and sees at his feet the heavy 
sand bars which had been carried south at the base of the hill on which 
he stands before the current was cut off by the delta of Cushmans Brook, 
which stretches in plain sight across the north end of the basin. The face 
of the high terrace opposite is cut by a series of finely preserved terraces, 
which seem to have been formed while the East Street Lake was being 
slowly drained by the gradual lowering of its outlet, Fort River, in its 
course through the tangle of drumlins south of College Hill by which it 
reaches the main valley. These terraces are figured by President Hitch- 
cock. The sands were carried out in force over the lake bottom nearly as 
far south as the village, and from this point south the lake bottom is made 
up of clay, with often less than 3 feet of fine sand covering it, and this 
forms the lake bottom south across the low extensive Lawrence Swamp, 
which is, as it were, the remnant of the old lake imperfectly drained by the 
single outlet of the basin, Fort River. ' 

In its southern portion the abundant sands around Dwight’s station and 
along the northern flank of Mount Holyoke have been carried down and 
spread out over the clays by undertow, and slope gradually from the high- 
water line out into the basin, and this is the case along the whole north 
flank of Holyoke. 

Beyond the great oxbow region of the Northampton Meadows, the lake 
bottom across Southampton, Westfield, and Southwick, except where it has 
been removed by the basin of Westfield River, is well preserved, and is in 
effect the deep-water channel, or channels, of the broad arm of the flood 


1 Surface Geology, Pl. IX, fig. 2. 
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stream which occupied this lobe of the valley, and which left lake bottom 
and border alike intact on the recession of the waters. Over this region it 
seemed more convenient to discuss them together, as has been done above. 
(See p. 650.) 


THE SPRINGFIELD LAKE BOTTOM. 


On the east side of the river, at Smiths Ferry, south of the great Dry 
Hill bar, and again much farther south, across West Springfield and Agawam, 
are limited areas occupying a level considerably below that of the high 
terrace or filled portion of the lake, connected with it by a plainly marked 
scarp of deposition, and on the other side separated from the later terraces 
by an equally well-marked scarp of erosion. ‘T’o these I have assigned on 
the map the same color as that. given to the lake bottom in the northern 
lakes. ‘They are, however, of so limited extent that the lake may be fairly 
contrasted with the more northern ones as a filled-up lake, in so far as its 
northern half in Massachusetts is concerned. 


DETAILED SECTIONS OF THE TERRACES AND LAKE BOTTOMS, SHOWING 
. SEVERAL ADVANCES OF THE ICE FRONT. 


THE CAMP-MEETING CUTTING. 


The cutting of the Canal Railroad, made in December, 1880, through 
the plain on the north line of Northampton, at the northern edge of which 
the Methodist camp-meeting grounds, called Laurel Park, are situated,* was 
at once the most complicated and, for the information it gave concerning the 
oscillations of the ice, the most instructive of all those opened in the valley 
of late years. It extended, with an average depth of 20 feet, for 3,250 feet. 
I studied it with great care during the progress of the work and took many 
sketches of all parts of it. I found the winter time in one respect very favor- 
able for the study of these walls of incoherent sands and clays, as in the 
steady cold they remained vertical for a long time and “weathered” like 
banks of sandstone and shale, bringing out many refinements of texture 
which would otherwise have been overlooked. It was like an anatomist’s 
‘frozen section.” The cutting afforded two sections 50 feet apart, and after 
its completion the steam shovel was put into the bank both to the right and 


1 This cutting is just west of the apex of the great Hadley bend of the Connecticut, where the first 
road crosses the railroad. 


678 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


to the left, and worked back north from the brook to be mentioned to the 
oldest till, giving two more sections, 2 rods farther from the center on either 
side, and in the most difficult part of the line. (See Pl. XV, and Pl. XVIII, 
figs. 2, 3, at p. 694.) 


POSITION AND CONTOUR OF THE TERRACE. 


Coming down from Deerfield, the great plain of the Borden base line 
(1bt) sinks across Whately and Hatfield from 220 feet to 170 feet and 
abuts upon ‘The Rocks,” a low, jagged reef of exposed ledges, back of 
and above which the lake bench flanks the higher hills to the west. At the 
north line of Northampton this plain (1 b t) rises by a gradual slope to the 
height of 203 feet, and still flanks the southern prolongation of the ridge for 
nearly a mile south and merges around the south end of Elizabeth Rock 
with the delta sands (1s h) which fill the great Northampton Bay and rise 
gradually to 295 feet in Florence. Resting thus on the west against the 
rocks, the plain on the east overhangs the westernmost portion of the great 
Hadley bend of the Connecticut, which has here eaten into and destroyed a 
large portion of it. At its southern end, also, brooks have cut down into 
the clays and obscured its connection with the delta sand farther south. 
In all directions between north, east, and south the valléy is open and 
many miles wide. Mount Toby rises in the plain 34 miles to the northeast, 
and it is a point whence one gets a rare view of the beautiful valley. The 
plain lay thus in the open waters of the Hadley Lake, and it was formed 
more than 100 feet below the surface of the lake waters. 

From the clay pit at the southeastern corner of the plain one goes down 
the steep slope 70 feet to the river, at the extreme western point of the great 
bend, over an unbroken succession of laminated clays, which rise to within 
6 feet of the surface, being capped by sand, and as I could trace them some 
way north in the old cutting of the Connecticut River Railroad, to which 
the new cutting runs nearly parallel, and found traces of the same clays at 
the north end, I assumed the upward succession here to be rock, till, heavy 
clays, and sand, and that this gave the greatest height of the clays for this 
portion of the valley, and I had no conception of the exceedingly complex 
anatomy of what seemed a very simple and normal section. 
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DESCRIPTION OF THE SECTION. 


The cutting enters the hill at the north end, near the station of the 
camp-meeting grounds, and deepens to 18 feet in the first quarter, at the 
overhead bridge of the road to Hatfield. It soon rises to 24 feet and con- 
tinues with this depth to the end. Exactly in the middle it is cut in two 
by the narrow sand gulch of a brook which runs east to the Connecticut. 

The drumlin—(P1. XV, C F.) The central and the oldest member 
of the series exposed here is a drumlin of the “lower till”—indeed, the 
lowest. till—which rises with easy slope just south of the overhead bridge 
to a height of 18 feet, and continues about 300 feet before it dips, with the 
same easy slope, below the level of the railroad. Excluding for the moment 
an upper layer of 2 to 34 feet, the whole mass is a stony clay of extreme 
compactness, in which the steam shovel could make but little progress, and 
which, six months after the work was done, still retained the marks of the 
shovel teeth. Most of the pebbles were about or under 6 inches in diameter, 
of well-marked glacial forms, and often scratched, mostly of black argillite 
and mica-schist, which borders the valley from the middle of Whately 
north. The mass, when freshly cut, was of a dark-gray color, nearly 
black, but with a faint shade of brown and green. It showed no trace of 
stratification at first, but after months of weathering a rude horizontal 
bedding made its appearance. Lines from 3 to 6 inches apart could in 
places be traced for a distance across the mass, and the pebbles lay parallel 
to these planes more often than in other directions. 

In the upper 2 or 3 feet of this mass, excepted above from the 
foregoing description, occurred a great number of bowlders, up to 4 or 5 feet 
on a side, almost entirely of the tonalite which skirts the valley from the 
middle of Whately south past the section. This upper portion is not sepa- 
rated by any line of demarcation from the portion below. Nor does the 
stony clay in which these large bowlders are embedded present any dif- 
ference in texture or color, whether one examines a fresh or a weathered 
surface, when it is wet, dry, or frozen. This seems to me to represent the 
portion of the ground moraine which was brought into its present position 
toward the close of the activity of the main ice, when the ice which passed 
over this spot was deflected into the valley from the west over the ledges of 
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tonalite, instead of, as earlier, over the slate area farther north. The origi- 
nal surface of this drumlin represents the oldest surface over which the ice 
moved. 

The bowlder bed.—(Pl. XV, D F.) The drumlin slopes easily south- 
ward below the level of the cutting; and resting against this slope, 
though not rising quite to the level of the top of the drumlin, is a mass of 
bowlders, from 6 inches to 2 feet in size, with very little admixture of finer 
material, the bowlders largely tonalite, like those in the upper portion of 
the drumlin, quite well rounded and showing no traces of scratching. This 
slopes off very gradually at top and descends below the level of exposure — 
at a distance of 120 feet from the till. That this bowlder bed was concen- 
trated by water action from the bowlder-crowded upper layer of the till 
below it seems to me probable. Whether this was done in a violent current 
beneath the ice, or whether it is the oldest shore deposit of the lake which 
occupied the Hadley basin on the recession of the ice, can not be made 
quite clear, though I incline strongly to the latter view, which will, I think, 
be seen in the sequel to be best supported by all the facts. It is also pos- 
sible that it is a terminal moraine of the retreating ice, and its surface may 
represent the second surface over which the ice moved. 

The pink beach sands——(Pl. XV, H and LM.) Resting upon this 
bowlder bed, and separating it from a second till above, is a thin layer 
of well-washed pink sand, disconnected and ovly a few inches thick on 
the east wall of the cutting, but nearly 2 feet thick on the west wall, which 
is plainly the remnant of a much thicker deposit that has been planed away 
by ice which deposited the till above it. This sand layer disappears here 
below the level, but if we follow the heavy sands which cover the second 
till southward we find them resting in marked unconformity upon the same 
pink sand, which is easily identified with the thin layer already described | 
by its color, size of grains, and well-worn and sorted state, and distinguished 
from the upper sands by the absence of the clay partings which characterize 
the latter. Here the pink sands rise in the midst of the newer sands on the 
east side to the height of 14 feet, in a dome with easy slope northward and 
more rapid southward, while in the west wall they appear in much greater 
force, the distance from the point where they first rise above the level of 
the road to where they sink again below it being 250 feet. The gradual 
southward rise of the surface of the sands soon brings them to the top of the 
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cutting, and they make its whole thickness, being, indeed, somewhat eroded 
above for over 50 feet, and then sink and rise again in a smaller mound 
before they finally disappear. The bottom of the sand was nowhere 
exposed. These sands dip southward 15° on the east side and are nearly 
horizontal on the west; they are marked by delicate cross-bedding, and here 
and there layers of pebbles up to an inch in size occur. When first uncov- 
ered they were of a delicate pink color, so that I was in the habit of calling 
them peachblow sands. They differ from every other sand in the valley 
in being perfect beach sands. The sand is more completely sorted and 
rounded, and the pebbles show the symmetrically rounded forms and satiny 
surface of beach pebbles. These pebbles are often cemented by calcite, 
a thing never séen in the Champlain gravels. 

The whole is now broken up by a multitude of faults and slips and in 
places thrown into sharp zigzags like 
a flight of stairs. It is not, however, 
molded into the complex curves seen 
in the more clayey sands above, which 
we shall see to have been independ- 
ently and at a later time subjected to a 


similar crushing. The surface of the 
. s = : Fic. 45.—Block of frozen ‘pink sand,” showing fine sys- 
sands TISeS with an Casy ever slope tem of joints. The horizontal lines are the bedding of 


and sinks with the same smooth lines  [hesma. The panei a eon ed Sonus Berar 
below one’s sight. A curious appear- 

ance shown (fig. 45) by a frozen block of the sand may even be due to the 
development by the weight of the ice mass, or by torsion in connection with 
its thrust, of a latent pressure cleavage. A frozen block from the north end 
of the east opening of the sands had carved out upon it by the wind a series 
of perfectly parallel cracks, 3 to 4" apart and about at right angles to the 
bedding, and these, together with the bedding, had been very beautifully 
dissected out by the wind. 

The sands here dip southward, and the ice coming from the north had 
ridden over the upturned edges of the laminze, so that the plane of these 
fissures was at right angles to the direction of the thrust of the ice. I have 
‘little doubt that the ice moved over this sand bed while it was frozen, and 
that this is the reason why the sands are so often and so sharply faulted and 
broken and not thrown into twisted, contorted folds, as happened later to 
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the upper sands when the ice was plainly thrust out into the waters of the 
lake—then risen higher—and plowed up its bottom. 

While I was studying the sands the workmen were breaking off masses 
of the frozen sand with wedges and heavy hammers to make way for the 
steam shovel, and the rock thus formed was one of great hardness. The 


depression which separates the two parts of the sand on the west side is: 


lined by a thick layer of unstratified pebbles concentrated from the pink 
sands, and seems to me a ‘“‘pot-hole” in the sand, caused by the waters of 
a moulin of the glacier, though it may be an old brook bed. The eroded 
surface of these sands is the third erosion plane occupied by the ice. 

The second till—(Pl. XV, EK to T.) Returning now to the south end 
of the great drumlin, we find the second till, which rests upon the pink 
sands, to have a thickness of 2 to 3 feet, and to be sharply demarcated 
on the east from the pink sand and the bowlder bed below, the boundary 
being a straight line, and separated above from a third layer of till by the 
thin, disconnected remnants of a second sand, which thickens rapidly 
southward, so that where the second till goes out of sight below, it is 
separated from the third till above by 15 feet of sand. This second till 
is the hardest stony clay, wholly indistinguishable from the oldest till of 
the drumlin, against which it seems to rest in a wedge-shaped end, although 


no distinct line of demarcation can be seen between them. ‘The ice seems — 


still to have rested upon the surface of the older till, or to have eroded 
down to it, and a train of large bowlders appears in the second till a little 
way from the great till, quite plainly derived from it, as farther on they 
are wanting in the second till. Farther south, where the ice rode up over 
the pink beach sands as already described, there is but slight trace of til— 
afew large bowlders resting on the sands—that which we have followed 
from the oldest till seeming to have been derived from the erosion of the 
drumlin; and here the material has failed or been removed at a later time 
by water, as has much of the pink sand, which one can follow by its color 
as it 1s swept southward and now lies between the layers of clay of later 
deposition, showing that ice and water worked together here. 

The second sands—(Pl. XV, H to L.) At the south slope of the 
drumlin the sands which cover the second till and separate it from the 
third appear only as a thin, disconnected film, rising to a thickness of 8 to 


10 inches on the east side, while on the west they are continuous and 


a 
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nearly 2 feet thick and rise up onto the back of the drumlin northwardly, 
where they are sheared off abruptly by the third till, which here blends 
with the second. 

Southward, the third till, which passes down the south slope of the 
drumlin, sinking deeply into these sands, rises with an easy gradient up to 
the surface of the sands on the east side of the cutting, its further extent 
being now cut off by erosion; and on the west side rising in the same way to 
within a foot of the surface and then extending 50 feet over the sands, and 
finally thickening downward to 6 feet and ending abruptly in the sands in a 
club-shaped mass, the sands that rest against its south face being continu- 
ous with those beneath it and like them in every way. From this point 
the sands makethe whole thickness of the wall, 24 feet, for a distance of 
224 feet to the ravine, and crossing this (25 feet wide), the sands, with the 
bottom nowhere exposed, run under a bed of clay, the same as that north 
of the drumlin, and go on with a slight dip southward and fold over the 
pink sands already described. They are here much thinned, and dip 
beneath the surface near the south end of the cutting. These are, for 
the most part, coarse to very coarse, reddish sands, laid down by a strong 
and steady southward current in layers which are horizontal for long dis- 
tances or slightly inclined southward. Only for a few rods on the west 
side and just south of where the third till rises upon them are they clean, 
white, better-sorted sands, the cross-bedding dipping sharply north for a 
time and then as sharply south,’ and their eroded surfaces are covered by 
a layer of well-worn beach pebbles. The bedding is everywhere, except 
in the white sands, sharply marked by thin layers of very fine sand 2 to 6 
inches apart, which are persistent for long distances, and which farther south, 
where the sands have run beneath the clay, become layers of true clay, 
and toward the top of the sands approach nearer by the thinning out of the 
intervening sand layers, and so effect a transition into the clays. 

For a long distance south of the brook this arrangement is well devel- 
oped. Layers of sand, beautifully rippled at surface and about 6 inches 
thick, are capped by layers of clay, one-fourth of an inch thick, which 
takes an accurate cast of the ripples below and makes the upper surface 
more or less nearly horizontal. . 


1 These are back-set and front-set sands, in the terminology of Professor Davis. Bull. Geol. Soc, 
America, 1890 p. 195. 
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In the frozen wall the sand layers were deeply worked out by the 
wind, and the clay layers projected one above another like the eaves of a 
fluted iron roof. By the thinning of the sand layers the whole deposit 
loses in thickness and the superincumbent clay sinks lower. This plainly 
indicates a strong current in the summer floods, a quiet one during the 
winter, and a depth of water sufficient to so far remove the banks of the 
stream to the west that the floods brought only thin layers of sand out over 
the clay to this point, layers which have mostly dwindled to nothing before 
we reach the south end of the cutting. 

The sands, as indicated above, run up on the south slope of the drumlin 
in a thin film, and could in one section be traced almost or quite continu- 
ously across it, to join a thick bed of similar sand, which extends to the 
north end of the section, where it is cut off by erosion. It is capped, as in 
the layer south of the drumlin, by the same thick deposit of clay. These 
sands are finer than those already described, especially near the drumlin, 
manifestly because they were laid down in the sheltered area behind it. 
Northward they grow coarser, and at the extreme north are gravelly, and 
iron-shot where the water circulated below the clays, with coarse cross- 
bedding dipping south. Through most of the distance the beds are 
(or were) horizontal, and show repeated oscillations of coarser and finer 
layers, and everywhere most delicate cross-bedding. Upward, the whole 
gradually becomes finer, clay layers making their appearance, which at the 
end effect a somewhat sudden transition into the clay above; in short, the 
sands agree in all points with the corresponding sands south of the drumlin. 

The third till—lIt will make clearer the complex series we are studying 
if I call attention to the four surfaces on which the ice has rested. The first 
is the surface of the drumlin. The second is the surface of the second till, 
which has eroded the pink sands; and as the till layer seems largely derived 
from the broad surface of the drumlin, this layer lessens and the ice rests 
almost directly on the sands in the continuation of the surface southward. 
Consideration of the third till, which is the subject of discussion here, may 
be omitted fora moment. The fourth and last surface occupied by the ice is 
very clearly defined along the whole length of the section. It is the hori- 
zontal upper surface of the clays above the second sands from the north end 
of the section to the drumlin, and is continued along the eroded surface of 
the drumlin, and is the surface of the fourth till from the beginning of the 
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same at the south end of the drumlin or southward. This fourth till is made 
up of material derived from the drumlin and molded with the clay and sand 
below, and so grades southwardly into the contorted clays uncontaminated 
with glacial débris, whose planed-off upper surface is the continuation of 
the fourth surface occupied by the ice in the whole distance south of the 
central gorge to the place where this ice-worn surface sinks below the level 
of the section. 

Because of this blending of the clays with the second sands beneath 
them by the fourth ice, the relative importance of the third surface occupied 
by the ice in the midst of the second sands can not be clearly made out. 
It is seen in the sloping layer of till that extends down through the second 
sands, ending at the north edge of the brook gorge, and is marked ‘third 
ice-worn surface” on the main section. Some part of the deep erosion of 
the second sands between this point and the south end of the drumlin seems 
due to this third ice advance. 

In the opposite side of the cutting, 50 feet west of and parallel with the 
above, the third layer of till ends abruptly in the sands, soon after thicken- 
ing to°7 feet and rising nearly to the surface in a way peculiar and difficult 
to explain. It is here a compact, stony clay, in which, near the end, I 
counted twenty bowlders 12 to 16 inches long, all of glacial shapes and 
many striated. As seen in the wall of the cutting, it ends in three long, 
sharp teeth projected southward, receiving between themselves correspond- 
ing projections of the sands; and these projections are made up of laminee, 
which begin against the till and extend from it with perfect regularity, 
exactly as if it were the fluted face of a sea cliff and the sands had been 
laid down against it. There seems to be no question here of a thrusting of 
the ice into the sands after their accumulation, but it would seem that the 
third till represents a second advance of the ice after a slight retrogression, 
and that here it pushed itself over the sands of the lake or estuary as before, 
with the difference that now the water stand was higher and the snout of 
the glacier was thrust out into the lake, gouging and crumpling the beds at 
its bottom. It ended here for a time and then retreated, leaving the till, 
which it had gathered mainly from the drumlin, covering the sands to this 
point. ‘The deposition of the sand continued uninterruptedly except so far 
as the space was occupied by the ice, and the sand increased around and 
over the till as soon as the ice disappeared. 


686 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


Turning to the second cut on the east side, which was 50 feet farther 
out in the lake and parallel to the two last described, we find the till homoge- 
neous in the lower 2 feet of its thickness. ‘Then it runs up over the sands 
and thins to a foot in thickness, and is then prolonged in a stratified bed of 
the same dark greenish-black sandy clay, which ends abruptly (thickening 
slightly before its ending) in a sharp point, the last portion being beauti- 
fully cross-bedded and apparently the product of a single plunging wave 
from beneath the ice. This is inclosed above and below in the light-yel- 
low coarse sands, which beneath are undisturbed so far back as traces of 
lamination occur in the stony clay above, and are conspicuously con- 
torted farther back beneath the amorphous and ice-carried portion of the 
same bed. 

At the fourth cutting parallel to those last discussed (the most west- 
erly), where the till runs up on the sand, it splits into three or four layers, 
each successive one running up with sharper angle and being separated by 
thickening sheets of flood sands; and the till reaches here its greatest height. 
Some layers of the till bend irregularly and sink deeper into the sands 
and extend farther south, but are cut off by the brook erosion before the 
connection southward is made. (PI. XVIII, fig. 2, p. 694.) 

The transition of the sands to clays beneath this till indicates a deep- , 
ening of the waters southwardly, by which the ice was more or less buoyed 
up, allowing a portion of the sands described above to accumulate beneath 
it, after which the ice dropped again upon the sands. This was repeated 
several times, and at one of these times a mass of water from beneath the ice 
swept into the sands the curious point of remanié drift described above, and 
finally the ice was floated away to the south as icebergs, allowing the sands 
to continue their accumulation over the till it had left. 

The clays above the second sands—These are, from one end of the 
cutting to the other, the common Champlain clays of the valley, formed 
from the wash of till, and where not disturbed are thin-laminated in layers 
8 to 12™™ thick, each layer buff colored and sandy in the upper third, and 
composed of fine fat clay in the lower two-thirds. 

The fourth till and its effects upon the clays and sands below.—Starting 
from the north end of the opening, the surface of the clays is an almost 
perfectly level surface of erosion on to the drumlin. The ice has passed 
over it, planing it down to this level, twisting and contorting it and the 
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sands beneath it into the greatest confusion, kneading them together, press- 
ing the clay in great bosses down into the sands, in some places destroying 
the lamination of the clay entirely; in others, where the alternation of 
fine sand and fat clay was more clearly marked, producing in each layer 
masses where a smoothed surface resembled marbled paper. This contor- 
tion increased to its maximum where the two beds, here inextricably mixed, 
mounted up the north slope of the drumlin and were sheared off on a plane 
which is almost coincident with the surface of the drumlin and which is 
continued south as the upper surface of the fourth till. 

It would seem that the ice pushed out into water of considerable depth, 
and so, partly buoyed up, was able to move over the plastic clays, producing 
a minimum of erosion and depositing no till on the clay; but the drumlin 
acted as a resistant substratum, and between the two the stratified beds 
were sheared off entirely, the hill itself was scalped, and the combined 
material was trailed along over the remnant of the sands down the slope 
(a train of great bowlders occupying its lower portion) for a distance south- 
ward from the drumlin and plainly derived from it. Masses ranging from 
filaments to large sheets of the sands or clays, or beds containing alterna- 
tions of these two, are contained in a formless mass of till of great compact- 
ness, which rests with a flat under surface upon the sands below. 

I have figured a surface of this bed (PI. XVIII, fig. 3, p. 694) where 
it is just beginning to’ mount again upon the sand (above D, Pl. XV). 
The upper layer of till is crushed into the sand layer, its bowlders plowing 
into it and producing folds and faults; while below, a thick bed which once 
consisted of clay with thin sand-partings is as a whole kneaded into such a 
confused mass that, over the broad, smooth surface sculptured by the wind, 
wherever the sand layers come to the surface they were eaten out into 
intricate convolutions, like the interior of the ear. 

That portion of the sands caught between the second and fourth layers 
of till has all structure crushed out of it; but as the upper till layer rides 
up onto the thick mass of the sands, the line between them is sharply defined, 
being gently convex below; and as the sands thicken, signs of bedding 
eradually disengage themselves from the confusion of the mass, and one 
sees the effect and direction of the thrust of the ice marked with wonderful 
clearness in the contorted layers of the sand. Within the sands the layers 
are quite horizontal and undisturbed, and as one follows each back toward 
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the till, it is after a few undulations thrown into a series of sharp zigzags 
or short distinct faults, and the layers thus brought into a vertical position 
together or bent over southward are then dragged along beneath the ice, 
running a few feet parallel to it and blending together into a confused 
layer a foot or two thick, in which no structure is visible. On the opposite 
side, after the last cutting, the appearance was very similar, except that 
the layers were thrown into still greater confusion, and for 4 rods all the 
upper half of the sand, 13 feet in thickness, had been pushed 15 or 20 
feet southward, the layers now standing on their heads and thrown into 
folds as complex as the sutures of an ammonite; and farther on the whole 
mass has been wedged in between the layers of the sands in advance, heav- 
ing them up and occupying in a contorted mass a great triangular space 
beneath them. The till rides over the whole, and every layer of the con- 
torted mass as it comes up from below, as well as of that thrown up by the 
underthrust portion, bends over southward beneath it as the smoke curls 
over the chimney edge in a strong wind. As the till continues southward 
over the sands it moves parallel with their lamination and disturbs them very 
little, and at last, as it thickens downward, it cuts across them at a low angle, 
and the layers just below run on continuously and show no signs of any 
effect from the ice. 

Where the fourth till rising over the sands is cut off by erosion it is 
already largely composed of the contorted clays. | 

Southward, across the ravine, the surface occupied by the ice sinks 
into a gentle depression and rises over the pink sands and goes down 
below the level of the cutting near its south end. It is a surface and noth- 
ing more, and in this long distance south of the brook ravine, as well as in 
the equally long distance north of the drumlin, no trace of till is found upon 
it. Only in the remaining space, from the drumlin south, the stratum of till 
is carried forward along this plane, and it is unfortunate that its ending is 
not to be observed in a satisfactory way, owing to erosion. It is, therefore, 
not strictly proved that this plane is continuous, but the identity of the beds 
north and south of the drumlin makes this highly probable, and an inspec- 
tion of the section will show it to be the only simple supposition, any other 
requiring an additional recession and advance of the ice. 

Everywhere below this plane the clays are variously contorted, as in 
the reach north of the drumlin; often clay and sand are curiously molded 
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together, and immediately above it the newer clay or sand is wholly undis- 
turbed to the surface of the terrace. Also, in many masses of the laminated 
clays a beautiful pressure cleavage has been developed, a series of fine, 
closely approximated slip faults making a large angle with the lamination, 
and dipping sharply northward in the direction toward which the pressure 
came. The section shown in Pl. XVII (p. 692), taken from a similar 
locality, might have been many times exactly duplicated in the first 300 
feet south of the brook. 

3 I assume this work to have been done by the advance of a glacier into 
the water, and not by icebergs, because only a single great body of ice 
moving over the soft mass of clays could have planed them down to so true 
a level except when the protuberance of the drumlin caused an irregularity 
in its action, and the great disturbance of the clay and subjacent sands for 
a depth of above 20 feet over so large a space would indicate a mass of 
very considerable thickness which was pushed over the surface and not 
simply carried forward by the current. Except for these reasons, I do not 
see why a continuous mass of floe ice might not have done the work, for 
the scratched bowlders in the till layer seem to have been derived from the 
earlier till of the drumlin. | 

The wpper sands and clays—Above the line of disturbance a heavy 
layer of coarse sands, grading southwardly into laminated clays, smoothes 
over the irregularities of this surface and builds up the terrace to its 
completion. Commencing at the north end, the sands dip sharply south- 
ward and represent plainly an advancing delta front or growing sand 
bank, the sands having been pushed over its surface and deposited upon 
its southern slope. 

In the central portion, over the more irregular surface of the fourth till, 
these sands—which, where the till ends abruptly, I have already described 
as deposited continuously against the southern termination of the latter, and 
as thus being continuous with the sands below the till—are carried on in 
broad, more nearly horizontal sheets, with finely developed flow-and-plunge 
structure. 

Southward, beyond the brook ravine, these horizontal sands are capped 
by a thick upper layer of cross-bedded sands which dips sharply south and 
which probably represents the further advance of the delta or bank from 


the north, the intermediate connecting portion having been removed by 
MON XXIxX——44 
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erosion. In this lower horizontal bed the alternation of coarser and finer 
layers is very marked, and southward the finer layers gradually change to 
clay, while the coarser grow thinner and finer and at last run out or blend 
with the clay layer forming its lower and sandier third. At the same time 
the boundary between the horizontal and cross-bedded portions of the bed 
rises slowly southward, since each layer of the latter coming to the bottom 
of its slope bends sharply to a horizontal position, and, gradually dwindling 
to become the sandy portion of a clay layer, runs on between layers of the 
clay, which, coming from the south, bend at the foot of the slope, rise up 
for a distance upon it, and grade into a layer of finer sand which forms the 
upper part of the sloping sand layer. Thus, going south, the horizontal 
layers gain at the expense of the cross-bedded layers above, and the clays 
gain at the expense of the coarse delta sands, and one has the clearest 
illustration of the blending of the shore sands and the deep-water clays of 
the Champlain epoch, and evidence of their synchronism with the later 
events of the Glacial epoch. 


RESUME, 


The facts detailed in the above section enable us to construct the 
following pictures of the succession of events over this area: 

1. The formation of a drumlin as a part of the ground moraine of the 
first or great glacier. ; 

2. The recession of the ice to allow of the formation of the bowlder 
bed which lies at the foot of the drumlin and may be a terminal moraine, 
or may be due to water action concentrating it from the drumlin itself. 

3. The formation of a true sea beach of great extent—the pink sands. » 

4. A second advance of the ice, rising over the drumlin and eroding 
the frozen beach sands. 

5. The second recession of the ice, and the deposition by the flood 
waters, from its melting, of a great body of sands. 

6. The rise of these waters so that an equally great body of clays 
was deposited upon the sands. 

7. A third minor advance of the ice over these clays, molding them 
into the sands below, removing them entirely over the drumlin, and south 
of it for a long distance gouging deeply into the sands and covering them 
with a layer of till derived largely from the drumlin, finally riding up onto 
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the clays again, and being buoyed up and carried off southward by the 
flood waters, which still covered the clays in considerable depth. 

8. The continued deposition of the flood sands in waters somewhat 
lowered on the recession of the ice, so that coarse sands, with flow-and- 
plunge structure, are laid down, obliterating the irregularities of the sur- 
face and completing a terrace of apparently simple structure. 

The drumlin (1) must represent the work of the general glaciation. 
The bowlder bed and the pink sands (2 and 3) must represent an inter- 
glacial period of sufficient length to allow of the long-continued and unin- 
terrupted presence of a large lake or estuary, and to make this possible 
the ice must have receded far north of this point in the valley. The 
events of 4 to 7 indicate a second advance of the ice, with minor oscilla- 
tions, during the last of which the end of the valley lobe of the glacier 
was thrust out into the waters which then filled the valley and by which 
the laminated clays were being deposited, while at the same time the 
high terrace gravels were gathering along the shores, a work which on the 
disappearance of the ice continued to the completion of the terrace. 

The discovery of isolated pockets of glacial débris and disturbed 
patches at various places in the clays farther south, which must be referred 
to icebergs or ice floes (described in the following section on the Cham- 
plain clays of the Hadley Lake), and of arctic plants also in the same 
clays, completes the picture of the events of this time, and indicates that 
the Champlain clays and sands were here in part synchronous with the 
Glacial period. 


SECTION OF CLAYS IN HATFIELD SHOWING GREAT DISTURBANCE AND PRESSURE 
CLEAVAGH. 


About 3 miles northeast of the section last described (within the 
same portion of the Connecticut Valley, bounded on the west by the crys- 
talline rocks and on the east by the long ridge of Mount Warner, so that 
it is in a sense a continuation of the Deerfield Valley), at the southern foot 
of the red sandstone hill which rises north of the village of Hatfield, a 
small opening was made in the clays, which reproduced exactly the upper 
level of disturbance of the Camp Meeting section. The section was 33 
feet east of the first house westward from the hotel on the first road south 
from the ferry. 
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Above a horizontal line the clays were horizontal and normal in every 
respect; below this they were extremely contorted, as indicated in Pl. XVI, 
showing a smoothed surface about 44 inches square. Where the contor- 
tion was less pronounced, about 2 feet below the plane of disturbance, 
in a layer with a thickness of 1 foot and a length of 15 feet, a beautiful 
pressure cleavage was developed, superinduced upon the original lamina- 
tion (Pl. XVII) in the whole mass of the clays along parallel planes 2 to 
4™ apart and dipping 32° N. Every stage in the series, froma slight, 
sharp monoclinal fold affecting all the laminz along a single plane to the 
shearing off of the lamin by small parallel slip faults, could be followed, 
and the clays, parting easily along the lamination and cleavage planes, 
broke up into a mass of -long pencils. 

The more marked fissures are about 6 to the inch; between these again 
are finer ones, making the whole number about 18 to the inch. Along 
these the clay is very often slightly faulted; in one case the slip amounts 
to an inch. The newly formed cleavage layers have undergone decided 
compression and distortion, which is brought out clearly by the difference 
in color of the upper and under portion of the original laminz, so that in 
tracing the dark bands across the several cleavage planes we find them 
more or less separated into parts placed slightly en échelon by the con- 
tinued faulting in one direction, and these parts variously elongated and 
flattened out parallel to the plane of cleavage. We may assume the plane 
of this incipient cleavage to be normal to the direction of pressure. A 
second system of distant fault planes occurs at right angles to the first, 
which are more distant from each other and have greater throw, showing 
that the parts of the bed slipped slightly on each other in the direction 
of the pressure. . 

The locality is 125 feet above sea, and thus somewhat. lower than 
the preceding section, but it lies out in the valley, where the clays did not 
reach so great a height as on its borders, and the disturbance must have 
been very nearly—I think it may be assumed to have been exactly—syn- 
chronous with the last disturbance of the previous section. Its position 
under the lee of a prominent hill, protected from icebergs and floe ice, 
would also point to a continuous mass of glacial ice as the agent of its 
formation. 
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THE WAPPING AND CAMP-MEETING CUTTINGS. 


Fic. 1.—Section of the fine-grained, contorted sands at the Wapping cutting on the Canal Railroad, 


in Deerfield. 
F1G, 2.—Section on the west side of the Camp Meeting cutting, between the south end of the drumlin 


and the brook, showing the fourth advance of the ice into the second sands. It is opposite to 


the portions G and I on the east section, 3 rods distant from it. It isrepresented by the discon- 
nected mass of till above I. 

Fie. 3.—Enlargement of part of Pl. XV (p. 678) at a point halfway between G and H, and above the 
second sands, where two large bowlders appear. It shows the passage of the fourth ice over 
the older clays, here nearly all eroded, and the thrust of the bowlders into the clays, and the 
kneading together of the clays and subjacent sands. The wind erosion of the sand has pro- 
duced deep, ear-like depressions in the lower part of the frozen wall. 
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THE WAPPING CUTTING. 
CONTORTED SANDS AT THE CUTTING AT WAPPING, IN DEERFIELD. 

This section, figured on Pl. XVIII, fig. 1, was exposed in the works for 
the extension of the New Haven and Northampton Railroad northward, 2 
miles south of Deerfield Station, at the same time with the Camp Meeting 
cutting described above.’ The delta of the Deerfield River in the Connec- 
ticut Lake (p. 634) extended out as a broad, flat alluvial fan from the 
mouth of the river gorge in the crystalline rocks at West Deerfield, reaching 
clear across the lateral Deerfield Valley to the foot of the trap ridge. The 
northern half of this delta has been removed by the later erosion of the 
Deerfield River, and from the northern rim of the remainder one looks 
down north into the deep basin thus formed. As the railroad approached 
this from the south its grade was lowered and a deep cut was made, so that 
it could pass across this basin by a high embankment. The section given 
was taken from the west wall, and is thus the north-south section through 
the middle of the delta, and just opposite the mouth of the gorge of the 
river. It is made up of fine to very fine, well-sorted sands, in layers 1™ 
thick and made more distinct by the infiltration of iron. Coarser layers, 
drying white, and thus standing out prominently, occur 3 to 4 inches apart, 
and still coarser and thicker ones of the same character about one-half inch 
apart; these are represented by the heavy lines in the drawing, and they 
render the contortions visible for a long distance. 

The length of the section is 278 feet, the greatest height 45 feet above 
the railroad. Toward the north end the whole thickness of the sands in 
the section is crumpled, manifestly by a strong force coming from the 
north, the disturbance of the sands being greatest in the northern half of 
the section and in the lower portion of this half, and appearing more in 
detached patches in the southern part. The cutting was carried along the 
west side of a brook valley running north, and the rain washed a gulch from 
the cutting down to the level of this brook, exposing the fine sands for 20 to 
25 feet below the base of the section. The disturbance lessens downward and 
the base of the sand is more clayey and rests unconformably upon coarse, 
reddish, cross-stratified sands derived manifestly from the sandstone, while 
the upper sands are as plainly derived from the crystalline rocks of the west. 

The line of junction of the two sands is extremely irregular, the lower 
beds having been much eroded before the deposition of the upper, but the 


1 See E. Hitchcock, Geol. Mass., 1841, p. 363. 
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junction is such as can have been formed only by the forcible kneading 
together of the beds. A little farther south, on the border of the delta at 
the house of Captain Briggs, the red sands come to the surface in a long 
knoll. They are finely cross-stratified and dip south with an angle as high 
as 35°. At the cutting these under sands are much jointed and faulted, as 
if they had been subjected to pressure before the deposition of the upper 
sands. I identify these lower sands with the pink sands of the Camp Meet- 
ing cutting (p. 680), and believe them to be a remnant of beds deposited after 
the first recession of the glacier, while the Deerfield Valley was still sealed 
up by the ice, which escaped the erosion of the second advance of the ice 
and on its recession were covered by the sands of the Deerfield delta. 

It is not clear to me what could have caused the extensive disturbance 
of the upper sands. This disturbance is to be seen in the upper side of the 
road running parallel to the cutting, several hundred yards to the east. It 
is at its maximum at the-north end of the opening, where the sands have 
been removed by the erosion of the river and extended an unknown dis- 
tance to the north in the beds before their removal. 

On the north side of the Deerfield River basin, a mile west of Cheapside, 
a complete section of the sands from the surface down to the till was quite 
normal and undisturbed, as also on its northwest border and on the island 
of the terrace sands which rises in the middle of the basin. Small detached 
areas of disturbance in the delta sands are common from the head of the 
latter south to the south line of Deerfield, plainly caused by stranded ice, 
but here a force of much greater magnitude was certainly concerned. 

I have described on page 630 the deep, long depression along the west 
line of Greenfield in which Green River flows and which was occupied 
by the west lobe of the ice that found place in the valley while the flood 
sands brought in across Greenfield through the Bernardston strait were 
building up the high terrace in Greenfield, and this lobe of ice, extended 
south, would have come in contact with the delta of the Deerfield from the 
right direction to have plowed up the sands as we now find them. The high 
terrace sands are, however, undisturbed right across its supposed track west 
of Cheapside, and though these sands may have been swept in a little later, 
their presence renders this explanation only remotely probable. Another 
possible explanation is that the axis of the delta of which these beds form 
a part lay to the north of this spot, and along this axis the greater thick- 
ness of the beds caused, by their weight, a flowing of their fine sands. 


OO AG po Tl. ti XX * 
THE CHAMPLAIN PERIOD (Conrinvep). 


THE CHAMPLAIN CLAYS. 
INTRODUCTION. 


On the retreat of the ice and on the occupancy of the basin by the 
flood waters clays began to be deposited over all the bottom, far from the 
shores, where the current was not too strong, and sands and gravels accumu- 
lated off the mouths of all the tributaries, and were moved along the shore 
lines by the shore currents and out into the deeper water by the undertow. 
The two deposits are therefore strictly contemporaneous, and their laminze 
are intercalated with each other at their point of junction (see p. 690). The 
sands were pushed in deltas rapidly out over the clays, so that their place 
of junction is a plane with small shoreward dip. It is strictly synchronous 
with this earlier portion of the flood sands, since, as detailed in the last 
section, the increased velocity of the flood carried sands out over the clays 
in every portion of the lake bottoms, even in the most sheltered, like the 
East Street basin in Amherst. 

The scanty outcrops of the clay, mostly along river gorges, are marked 
by a line of purple dots (ibe, Pl. XXXYV), this color having thus a litho- 
logical value, while the other post-Tertiary colors on the map have rather 
an orographic value. 

The great importance and magnitude of this terrane can be seen best 
in vertical sections, as upon the map it is represented only by thin lines 
along the river courses and road cuttings and on the steep slopes of ter- 
races; elsewhere it is covered by the succeeding beds of sand. 


CLAYS IN THE MONTAGUE LAKE. 


The clays appear in great force above and below Northfield village, 
where the brooks cut back in the lake-bottom beds, and here they rise 233 
feet above sea level. Southward they appear frequently in brook cut- 


tings in the bottom beds, and at Northfield Farms they rise to 270 feet 
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above the sea. The fat layers are one-fourth to one-half inch thick and 6 
inches apart. This great height was due to the rapid advance of the Millers 
River delta across the channel farther south, which checked the current 
to the north. How rapid this was is. seen by the section, fig. 41 (p. 688), 
where far out in the delta the sands rest directly upon the rock. As the 
delta was extended westward its sands were doubtless carried up gradu- 
ally over the clays; for in the long erosion scarp cut in the western face 
of this delta from Turners Falls around nearly to Montague village, only a 
small thickness of sand rests upon the clays, which rise to a height of about 
213 feet above the sea and rest upon till or sandstone with a thickness of 
about 34 feet. The layers average about 1 inch, one-half fat clay, two- 
thirds fine sand. (See fig. 35, p. 629.) 


CLAYS IN THE HADLEY LAKE. 


I have mentioned an isolated occurrence of clay poorly exposed at a 
schoolhouse in the north of Greenfield. Around Greenfield village the 
clays are in great force and rest upon till, as seen at the clay pit in the 
village and on Fall River where the road to Franklin Park crosses it. 
These clays were continuous through the notch of the Deerfield River, and 
perhaps also connect farther north, through the passage at the mouth of 
Fall River, with the Turners Falls clays. Southward they crop out 
abundantly around the erosion basin of the Deerfield River, to near its 
south end, opposite the mouth.of the river gorge, where, from the increased 
current and the increased material brought in by the river, the clays are 
replaced by a great thickness of sand, which, in the center of the basin, 
becomes exceedingly fine, with distant clayey partings, as seen in the 
Wapping cutting (PI. XVII, p. 694), where these fine sands rest discord- 
antly on the problematical reddish sands which are there described. 

Farther south, through Deerfield and Hatfield, the sand plains are 
nowhere cut threugh to the clays below until the region of complex 
oxbows of the Connecticut west of Hatfield village, described later (p. 734), 
is reached, where, in the terrace scarp, the clays appear in great force; only 
at one place, at a clay pit near the pistol factory, 1s the substratum—here 
coarse till—exposed. ae 

Southward, beyond thé influence of the Deerfield, the whole broad bot- 
tom of the lake is underlain by a continuous stratum of clay of unknown, 
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but in places certainly of very great, thickness, and the clay has done 
more than all the other beds to obliterate the vertical irregularities impressed 
upon the basin by the ice. It still underlies the whole flood plain of the 
Connecticut, and although the river in its oscillations has cut in the clay a 
broad and deep channel, it has not cut through to the base of the clay 
stratum, except opposite North Hadley, where a reef of sandstone projects 
through, and at the knee of the great bend, where the river has worn into 
a submerged drumlin. This great bed of clay continues southward to the 
Westfield River, where the conditions of the Deerfield are exactly repeated, 
and the clays are replaced by the fine delta sands. 

It extends everywhere under, and sometimes very far under, the shore 
terrace, notably in the case of the Mill River delta in Northampton, where 
the clays spread under the delta deposits clear up to the “ Bay State,” near 
Florence, where they are worked in large brick pits and rest on till with a 
thickness of 23 feet. There are also large pits near the asylum. It reaches 
apparently its greatest thickness under the Northampton and Hadley 
meadows and in the East Street basin in Amherst. At the Belden silk 
mill, near the station in Northampton, the clay was reached beneath a few 
feet of sand, and its bottom was 140 feet below the surface—that is, about 
12 feet below sea level. Beneath the clay was 10 feet of red sand. 
The clay was pierced 112 feet at the piers of the overhead bridge at the 
Northampton station. 

The trial piles at the Northampton bridge over the Connecticut, heavy 
timbers well jointed and hooped, were driven 113 feet below low water— 
that is, about 13 feet below sea level—without finding bottom, and after 
the pile had rested in its place for the night the first blow in the morning 
advanced it as much as the last of the night before, which would have 
hardly been possible in any material except a very plastic clay. The piles 
for all the piers of the bridge were driven 30 feet below the river bottom 
in the same clays after passing through the river gravels. 

About 1,500 feet north of the bridge the clays rise in the high western 
bank of the river about 72 feet above low water. This is just opposite and 
only a few yards from the south end of the Camp Meeting cutting (see 
p. 677), and the clays between are continuous. Thus their maximum 
thickness may be about 218 feet. About the same distance south of the 
bridge they are exposed for a long way in the river bank, at the south end 
of Hadley street, a locality furnishing fossil leaves (see p. 738) and an 
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abundance of concretions. They have been extensively worked near the 
asylum in Northampton, at Rich’s brickyards east of Southampton, and at 
Pomeroy’s yards west of that. town. 

They extend east from the river with the full width of the space between 
Mount Holyoke and Mount Toby, rounding Mount Warner, and being very 
near the surface in all the area south of Mount Warner to near the foot 
of Mount Holyoke, where wells 81 feet deep (Mr. Shipman, Lawrence plain, 
south of Hadley) and 40 feet deep (A. Losey, Nuttinsville, Amherst) were 
sunk in sand and fine gravel without reaching the base of the sands. 

Over the bottom of the central depression the clays, being near the 
surface, are often sandy. The clay is worked for bricks at Plainville 
(north of Hadley); and in the bottom of the depression, where Amity street 
crosses the brook, it was formerly worked. Near by, at Mr. Stebbins’s 
barn, a well went through the following: 


Feet. 
Fine sand S22 stteaes oak Selon s oe 0s be alta, dd ciao ek Sapa ee eRe rena re era 2 
Olay: 22S See eee eee ote Sia 3 5. 5 Sms team ee ee fi 
Sandy clay jcc eee os cee a ee ne <= ae ge se ee eee ee ee 13 


At Mr. 8. Harrington’s, in North peta a well 90 feet deep did not 
reach the bottom of the clay. © 

The clays rise high up on the slope of the Amherst ridge and thin out 
under the shore gravels. They are cut through by all wells along the 
slope below, 246 feet above the sea, and reached their greatest observed 
height in the col between the central depression and the basin south of 
College Hill, where they were exposed by the Central Railroad cutting 
from the bridge at Main street east to the end of the cutting, with a maxi- 
mum height of 260 feet above sea. (See p. 645.) These clays thicken out 
east into the land-locked basin south of College Hill, where in Champlain 
time they accumulated to great thickness, with little covering of sand. 

In the East Street basin the clays were also developed to great thick- 
ness, and over all the area south of the road to Pelham lie very near the 
surface. At the third house east of the bridge on this road (Mr. Hubbard’s) 
a well was bored 50 feet in clay covered by 8 feet of sand, and the water 
rises to within 2 feet of the surface. In a well onthe south side of the same 
road near the middle of East Street (Mr. Clutia’s) this section was exposed: 


Feet. 
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Farther south, where the road from the village crosses Fort River at 
the brick pits, the following section was taken from the exposure in the pit 
and from a well adjacent: 


EAM Eis Ulmer nee na ncleee in see asl celniercaiesisc as eel chiaccacda cots bones cele chue 6 
NES? ooo m0 cde gees toe ABB eet hae fin ecae teen COC h Heo ee eae as ee 35 
GOIN Coc cet hae ae GOA Ree Oa e Canara Ae One es Aa a ae a ee 


Pockets of pebbles were found in the clay, and the water, very sul- 
phurous and irony, came to within 5 feet of the surface. Fossil leaves 
occur here. 

CLAYS IN THE SPRINGFIELD LAKE. 


There are no brickyards in Agawam and West Springfield, though the 
clay crops out at Riverside. There are extensive brickyards along the east 
side of the river at the following points: Above the Holyoke bridge; at 
Willimansett; in the northern part of Springfield; and especially beside 
the Boston and Albany Railroad in the southern part of Springfield, and 
across the line in Longmeadow. 

Kastwardly the clays are deeply covered by the thick sands of the 
Chicopee River delta, which extend across Wilbraham and Springfield. 


CONTACT OF THE CLAYS UPON THE TILL. 


The section exposed at the hoe factory in Northampton, and illustrated 
in fig. 31, p. 540, not only shows the contact of the till upon the sandstone 
and the upper surface of the former, upon which the ice rested, but also 
demonstrates that the deposition of the clay followed immediately upon the 
disappearance of the ice, under circumstances which indicate that the ice 
could not have melted in place upon the till; nor could the till have been 
exposed to subaerial erosion before the clay began to be deposited. In the 
former case a loose deposit of upper till must have intervened over the till 
and sandstone alike; in the latter, the till would have been eroded below 
the level of the sandstone, and the common uniformly curved surface would 
not have been preserved. . 

It seems to me probable that at this time—the end of the Glacial period 
for this basin—the waters stood over this place, which is about 135 feet above 
the sea—and of course over the whole basin—at a height so great that the 

ice was at last buoyed up and floated away, and the clays began immediately 
to be deposited upon the surface thus abandoned. 
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The clays were grayish-blue, very fine, “fat” clays, agreeing exactly 
with those worked in the large brickyards a few rods south. 

When both the clay and the till were wet the sharp, curved line of 
junction was inconspicuous at a little distance, the whole surface presenting 
a uniform dark bluish-gray color, but above the line a cane could be easily 
thrust into the clays for its full length, while the blow of a hammer would 
not make much more impression upon the till than upon the neighboring 
sandstone. 

The section is situated far within the limits of the high terrace and is 
exposed by the deep erosion of this terrace by the Mill River, which, in 
cutting down to this level, has carried its gravel beds over the whole, 
making the upper horizontal stratum in the diagram. If we restore the 
terrace here to its condition before it was affected by the erosion of the 
river, we shall need 25 to 30 feet of clay resting on the till and covered 
by 35 to 40 feet of sand to bring the level up to 200 feet above the sea, 
which is the height of the terrace over this area. The clays are exposed 
with this thickness in the face of the high terrace on both sides of the 
stream. When the ice disappeared, however, and the deposition of the clay 
began, this was a deep depression between the “drumlins” of till upon 
which the hospital and Smith College stand, opening southward into the 
main basin. 

In another section, from the Canal Railroad, exposed just west of the 
South Street bridge in Northampton, the clays rest also directly upon the 
stony till, and although greatly disturbed by stranded ice and mixed with 
material dropped from it, there is everywhere at least a foot of the fine clay, 
undisturbed, intervening between the till and the horizon where coarser 
iceberg material appears: In many of the clay pits the base of the clay is 
reached, and it is always in contact with the till. 

In the Central Railroad cutting south of College Hill, in Amherst, the 
following section was exposed beneath the bridge (figs. 37, 38, and 39, 
p. 645): On the till, which appeared just above the bottom of the cutting, 
but arose westwardly to occupy nearly its whole thickness, rested coarse, 
cross-bedded sands, which had been swept from the west over its surface, 
and which reached a thickness of 3 feet; upon these rested clay, reaching 
a thickness of about 7 feet, in the lower half banded in layers 1 inch thick, 
with fine sand partings; many layers resting below between undisturbed 
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layers were contorted for a short distance in a most complex way, as 
indicated in fig. 38, and on a larger scale in fig. 39. 

It seems clear that the friction of the current was sufficient to slide the 
layer of tenacious clay upon its substratum of fine sand for a short distance 
and erumple it up, for each of these crumpled layers is covered by an 
unusually thick and somewhat coarser film of sand. The layers grow 
thinner toward the surface, and the upper 3 feet is an unctuous, nonlami- 
nated clay. It is capped by the coarse beach gravel, which rises to the 
surface. This is the only occurrence of sand beneath the clay I have seen 
in the basin, though the fine sands of the Wapping cutting (see p. 695) are 
so exactly equivalent to the clays that the red sands upon which they rest 
uncomformably may come in the same category. It is also the highest point 
reached by the clays (251 feet), and here the till was for a short time swept 
by a strong current from the main valley into the East Street basin before 
the deposition of the clays began. 


THE STRUCTURE OF THE CLAYS. 


The upper horizontal lamine in Pl. XVI (p. 690), from Hatfield, illus- 
trate the minute structure of the Champlain clays. Over all the central 
portion of the basin they are uniformly thin, even bedded, and horizontal, 
show a regular alternation of fat and lean portions, and on drying separate 
easily into layers, each of which consists of a sandy part below and a fat 
part above, which grade into each other. The brickmakers call the “fat” 
portion clay and the “lean” portion sand, distinguishing more closely than 
the geologist. 

On the river bank at Hadley the lower and much the larger portion of 
each layer is an extremely fine sandy clay, drab colored when wet, pale 
buff when dry, composed of a fine, sharp, quartz sand, 0.15 to 0.24™ in size, 
and of kaolin in irregular elongated particles, affecting reniform and sausage- 
like shapes from flocculation. This passes rather abruptly, by the lessening 
of the percentage of quartz grains, into an upper and finer portion, which is 
generally one-fourth to one-fifth the thickness of the lower portion, of dark 
bluish-gray color when wet and olive green when dry. It contains a small 
proportion of kaolin, the rest being very fine quartz grains. Its average 
grain is 0.0008 to 0.0016" for the kaolin. 

In a specimen taken from the bank of Fort River, below Mill Valley, 
in Amherst, where the olive-green upper portion was 0.7" thick, the coarser 
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lower part 0.3™", measurements of grains from the top of the layer gave 
0.0018 to 0.00735", from the middle of the lower portion 0.00735 to 
0.0294™", and from the bottom 0.0735 to 0.147. 

At the Hatfield locality (Pl. XVI, p. 690) in each layer the lower two- 
thirds is much coarser than the upper third, and is in reality an exceedingly 
fine sand, under the microscope appearing like a quartz sandstone, the 
erains angular, 0.0037 to 0.0075" in diameter. Besides quartz, there occur 
feldspar, mica, and a few acicular microlites. The lower portion was olive 
ereen when wet, drab when dry. The upper portion showed, both wet 
and dry, a darker shade of the same color, but the difference was. much 
more marked when it was wet. Under the microscope it appeared like 
the other portion, except that it was much finer; but there were present 
many minute opaque particles of koalin, oblong or sausage-shaped, which 
showed the Brownian movement finely. The size of the quartz grains 
was 0.0011 to 0.002™. 


THE SURFACE OF THE LAYERS. 


In some cases the layers are joined so closely that one can hardly dis- 
tinguish the line separating two laminze from that dividing the finer and 
coarser portions of a single one. Generally there is at least a thin film of 
rust, showing that the waters have sought out the planes of separation 
between the layers, as affording them easier passage, and the clays on dry- 
ing split readily along these planes. 

On these delicate surfaces one detects rarely the undulating tracks of 
worms or the small coriaceous leaves of arctic plants. On other surfaces 
a delicate ripple marking appeared, regularly arranged—broadly elliptical 
depressions several inches long and of so slight depth that their presence 
might easily have been overlooked if they had not been brought out by a 
film of reddish sand, which filled the hollows and was mostly wanting upon 
the surrounding ridges. The depth of the depressions was often only equal 
to the thickness of a single grain of the fine sand. This surface sand pre- 
served, also, the delicate water-drift structure impressed upon it by the 
current. The ripple marks and these drifted sands together register, in 
each case where they occur, a flood so considerable as to give the whole 
body of water in the lake a current strong enough to enable it to drift 
along the bottom sheets of the red sands from the border beds farther 
north out to this point in the very middle of the lake. 
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THE LATERAL PASSAGE OF THE CLAYS INTO THE HIGH TERRACE SANDS. 


At the south end of the Camp Meeting cutting (Pl. XV, p. 678) the 
whole thickness of the cutting was in clay and the plane of junction dipped 
north with a low angle, so that the clays ran far under the sands and dis- 
appeared below the level of the cut. The sands were part of a delta or 
bar front, advancing southward and dipping sharply in this direction in 
quite thick layers which at the bottom of the slope became horizontal, thin- 
ning rapidly and running out between the clay layers, becoming finer 
grained and disappearing or merging with the coarser portion of a layer ot 
the clay. On the other hand, some layers of the clay ran up the slope 
between the sand layers for a distance, becoming coarser and merging with 
an upper and finer portion of the sand layer. 


THE PASSAGE OF THE CLAYS INTO THE SANDS ABOVE. 


The delicate partings of sand described above (p. 704) increase in 
number and in thickness as one approaches the upper surface of the clay, 
and finally effect the passage of the one into the other. 

In the river bank below Hadley, the locality which for the most part 
furnished the type of the preceding descriptions, the upper portion of the 
clays has been carried away by the river, and its sands rest unconformably 
upon the eroded surface of the clays. The true passage beds are best 
exposed at the extreme south end of the Camp Meeting cutting (Pl. XV, 
p. 678). 

Nine feet below the upper surface of the clay these partings are one- 
sixteenth of an inch thick, of coarse red sand, and are very frequent, so 
as to give the blue clay a reddish tinge. This continues upward for 3 
feet, when a 4-inch layer of coarse red sand intervenes, which is followed 
by a band 5 feet thick, where the red sand and clay, alternating in fine 
but regular layers, are in about equal quantity. The whole is capped by 
another thick layer of red sand, which grades into the ordinary buff flood 
sands, here only 4 feet thick. 

Opposite the Hatfield Hotel begins a long, narrow remnant of the old 
lake bottom, which, by a curious freak of the river, has been left intact, 
while the river has cut away on all sides of it. This preserves the old sur- 
face of the clays and the passage beds into the sands above. There is here, 
within 4 feet, a very gradual passage from the fine clays into fine, white 
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sands, locally reddened with iron in the lower part, where the waters have 
stood on the surface of the clays. 

Over all the broad plain south of Mount Warner, over which the road 
from Amherst to Northampton runs, the passage beds. seem to me to be 
present, and the clays seem still to retain their full height. 


EXPLANATION OF THE STRUCTURE OF THE CLAYS. 


In introduction of this explanation a further peculiarity of the clays 

may be here considered. 
While the “fat” portions of the clay layers are very uniform in thick- 
ness and grain, the variation in the thickness of the layers depends upon a 
thickening or thinning of the sandy portions of these layers, which may or 
may not be accompanied by a corresponding change in the grain of the 
latter. At times the fat laminz separate and take in between them 12 to 16 
inches of a sand but little coarser than that of the coarse portion of the 
layers at the Hadley locality, as is the case in a large portion of the Wap- 
ping cutting. At other times the grain increases to medium or coarse. 

The fat laminze seem to be purely a sediment of matter held in suspen- 
sion when there was scarcely a trace of current, the lean laminze to contain 
in gradually increasing proportion the fine material carried over the bottom 
by the friction of a slow current, which was regularly intensified for the 
formation of the thin films of sand which separate the layers. One finds 
these clays as regular as a pile of thin deals over all the basin, and I imag- 
ine that each layer represents a year’s work of the flooded river. The fat 
layers were thrown down in the winter impartially over every portion of the 
lake bottom, and with the breaking up of the ice in spring the flood swept 
it off those portions where it had strong current, at times just crumpling 
it, as shown in figs. 39 and 40, p. 647, but over the deep lake bottom only 
rippling its surface, the fat tenacious clay resisting erosion slightly, while the 
coarse material brought in by the tributaries was pushed in sheets out over 
the delta flats and dumped over their fronts, and in small quantity carried 
out over the clays. In exceptional floods thin films of these sands were 
carried down across the very middle of the lake, as at the Hadley locality, 
and came at the beginning of the spring, for the coarse sand rests directly 
in rippled hollows of the surface of the finest clay. In this sand are found 
the twigs and reeds and leaves brought down by the tributaries, and the 
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sands grade uptvard into the lean portion of the layer, which represents 
the uniform high water of the glacial river during the summer and which 
is a true “gletchermilch,” and this in its turn grades upward into the fat 
deposits produced by the clarifying of the waters during the succeeding 
winter. This would conspire with the fact that the mass of the coarse 
material of these deposits has been brought in from the sides and moved but 
little downstream, to indicate a low pitch for the vallev during the time of 
the glacial stream. 


THE TIME OCCUPIED IN THE DEPOSITION OF THE CLAYS. 


The considerations of the preceding section afford data for a calcula- 
tion of the time occupied by the deposition of the clays, which is presented 
as interesting rather than specially valuable. If we take the clays exposed 
in the south of the Camp Meeting cutting and in the river bank adjacent, a 
thickness of 7% feet is exposed down to the water level, which would give, 
at an average of two-fifths of an inch per layer, 2,155 years. If we take 
the boring at the Northampton bridge, 113 feet, we have 3,390 years. As 
these two neighboring sections are measured, the one up and the other down, 
from the river level, we may add these two numbers to obtain a maximum 
time for the deposition of the clays—5,545 years. The erosion of the Deer- 
field and Westfield basins and the wearing back of Turners Falls in the 
red sandstone a distance of 3 miles, with a width of about 60 rods and a 
depth of about 40 feet, and of South Hadley Falls in the same sandstone 
for a mile, with somewhat greater width and depth, will each give a measure 
of the time that has elapsed since. 


ACTION OF ICEBERGS OR FLOES UPON THE CLAYS. 


Contorted clays—At a railroad cutting just west of the South Street 
bridge in Northampton, already noted (p. 541) as showing sandstone and 
till planed down together into a drumlin, the clays rest normally on both, 
and a short distance eastward there begins a peculiar distorting, crump- 
ling, and comminuting of the latter. At its worst the clays are thoroughly 
chopped up into small pieces, which are mingled in entire confusion. 
This was exposed for a distance of about 33 feet, with a thickness of 2 feet. 
Eastward about 50 feet, across a space where the exposure was only 
sufficient to show that the clays were continuous and much disturbed, they 
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were again well exposed in a fresh cutting, and here the clay is kneaded 
into fantastic shapes, squeezed into holes in the drift below, and a large 
mass of coarse, reddish drift has been dumped into it, and the two are in 
places well molded together. Twenty feet farther on the clays were per- 
fectly normal and horizontal. The intervening space was well exposed, and 
one could see how the clay disentangled itself from the mass of coarse 
material and gradually reassumed its horizontal lamination. Below and 
above the disturbed portion the clays are quite horizontal and undisturbed. 

This locality is at the base of a promontory in the ancient lake, around 
which the thread of the current bent as it swept southwestward over East- 
hampton; and the ice floes from the north, stranding here, have plowed up 
the clays and mingled them with the coarse material with which they were 
themselves loaded. 

In the curve by which the current bent around the projecting drumlins 
in Northampton several similar disturbed patches isolated in the otherwise 
horizontal clays have been exposed, as in the digging of the sewer at the 
south end of King street, where they were so distorted that they were 
mistaken for till by a good observer. They were described as being thor- 
oughly puddled. A mile farther northwest, at the great cut on the railroad 
to Williamsburg extending from the Bay State Brook east to the crossroads 
north of the railroad, the same thing is shown for many rods in the eastern 
portion of the cutting. The sands are irregularly disturbed, and at several 
places disconnected pockets of bowlders and glacial clay appear, wholly 
inclosed in the distorted sands. 

In the same area of disturbance a mile farther southwest, the fine 
exposures in the great clay pits south of the Insane Asylum are illustra- 
tions of the same action. A horizontal line is marked for many hundred 
feet in the vertical walls of the excavations at the same level with the plane 
of disturbance farther north. Above this line the clays are undisturbed and 
about 12 feet thick before they merge into sand; below they are kneaded 
into the most tortuous forms, and at times all trace of structure is gone. 
As in the block above the watch seen in the accompanying plate (XIX), 
traces of more than one passage of the ice are manifest, and in the largest of 
the blocks shown in the figure the extreme convolution of the plastic layers 
on the one side, and the faulting and incipient slaty cleavage on the other, 
are well shown. The convoluted layer in the block to the right is com- 
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pressed to one-fifth of its former length. Going northwest, we soon come, 
at Sunset Hill, on the great drumlins that formed the shore of the ancient 
lake, and it is clear that the disturbance could not have been caused by 
ice coming down the valley of Mill River, which lies behind these. 


SECONDARY STRUCTURES IN THE CLAYS. 


Joints.—Where the clay stands in vertical walls in the river banks it 
is in time rudely fissured parallel and at right angles to the exposed sur- 
face, and as the horizontal seams of sand weaken the cohesion of the mass 
in the third plane the river in the spring flood often moves off bodily great 
cubical masses of the clay and heaps them up lower down. Several years 
ago, on visiting the bank of the river below Hadley, I found a broad, 
horizontal surface thus exposed at about low-water level, which was jointed 
with extreme regularity and beauty. The principal lines ran parallel to the 
edge of the bank, perfectly straight and parallel to each other and an inch 
apart. 

The second set, also parallel to each other, were an inch and a half 
apart, and made an angle of 60° with the first set. The lines of the second 
set were not always continuous, sometimes failing between two contiguous 
lines of the first set, but continued beyond in the same direction. These 
lines represented fissures which extended through one layer of the clay 
one-third of an inch thick, dividing the clay into blocks of mathematical 
regularity. Toward the edge the blocks had been moved by the current a 
short distance from their original position, manifestly very soon after the 
superincumbent block of clay had been lifted off, for they were, when I 
examined them, so soft that they could not be touched without destroying 
their form, and yet as they lay they retained their perfect regularity. One 
could not help thinking that in olden time it would have been called a 
fairies’ pavement, as still in Scotland the claystones are called fairy stones. 

Below, where the large massses of clay had lodged, I found the small 
blocks piled in considerable abundance, but all softened and fused together, 
and in subsequent years I have always found them in abundance under the 
same circumstances. Later I found the same jointing in the large clay pit 
at the Bay State in Northampton, where surfaces 3 and 4 feet square were 
regularly jointed, exactly as on the river bank. When a vertical surface 
had been left for some time and the workmen then attacked that portion of 
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the pit again, the large blocks of clay when dislodged would slip apart 
easily along the planes of bedding, where the films of sand lessened the 
cohesion, and expose broad surfaces of the tessellated pavement. 

It was very plain that the greater ease with which the moisture could 
escape along these sand layers was the determining cause of the appearance 
of the structure along these planes. The moisture escaped so gradually and 
the clay was so nearly homogenous that the shrinkage tension could distri- 
bute itself equally throughout the mass and finally relieve itself by a system 
of fissures at angles of 60° and 120°, of great mathematical regularity. 

President Hitchcock mentions’ three localities, one on the Agawam and 
two near the Deerfield River, where these joints also occurred in the same 
clays, and considers them to be due to a crystallization of the clay and ‘‘to 
be a more simple operation of the same general cause which produced the 
concretions.” 

In an elaborate paper entitled “On the structure of rocks called joint- 
ing,”” Prof. W. King says: 

Hitchcock states that ‘unconsolidated clay beds in West Springfield and Deer- 
field, in Massachusetts, are intersected by numerous and distinct joints, while those 
above and below are unaffected. This clay has certainly never been subjected to any 


great degree of heat, being of very recent origin.”? It is to be apprehended that 
there is some oversight in this statement. 


This seems to be a wholly groundless assumption on the part of the 
author, made in support of the theory advanced in the paper cited. I may 
add that the fissures extend vertically downward through the fat lamine as 
if cut with a knife, and pass down through the sandy laminz with a curved 
surface. 

The torsion theory of Daubrée will hardly apply, as the joints are 
found in limited areas having relation to recent erosions, or in bluffs pro- 
duced by digging. I have searched the clays for many years for fossils 
and concretions, and these joints have been wanting in so great a number 
of cases where all the conditions were favorable that they can not well be. 
referred to any such general cause. All the cases occurred in bluffs where 
the wall below was strong and well supported and there would seem to 


1 Geology of Massachusetts, 1841, p. 418. 
2Trans. Royal Irish Acad., Dublin, vol. 25, p. 606. 
3 Elementary Geology, p. 22. 
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be small place for any influence of torsion. Yet from the removal of the 
clay to produce the bluff, and from the quite sudden drying of the surface 
of the bluff, there might be a slight creeping of the clays still below the 
level of the streams, or the wet floor of the clay pit might produce torsion, 
which would be influential in producing the forms observed. 

Concretions.—In the Journal Book of the Royal Society for 1734 is a 
manuscript catalogue of objects of natural history found in New England, 
by John Winthrop, magistrate of the Connecticut colony and great-grandson 
of the first governor of Massachusetts. It mentions ‘‘clay generated in the 
form of horse shoes from the bottom of Connecticut River.”' It would 
be difficult to find a boy brought up near the Connecticut who had not in 
the early summer gathered claystones on the bank of the river which had 
been washed out of the clay in the spring floods, and wondered at their 
abundance, their smooth and apparently artificial surface, and their regular 
form—spherical, spheroidal, ellipsoidal, or flattened into disks, sometimes 
variously elongated, lobed, or grotesquely imitating animals and works of 
art. And he would be hardly satisfied with the common explanation that 
they were formed from hardened pieces of clay by the wearing of the 
water. This was Dr. Hitchcock’s first opinion, and in 1823” he gave a full 
mineralogical description of them. They thus very early attracted the 
attention of the geologist, and in 1835 President Hitchcock describes them 
with care, and asks the questions: “But are concretions the result of erys- 
tallographic laws? If so, why are not crystals produced?” The tubular 
ferruginous form he describes as a fossil of uncertain character." In the 
report of 1841 he devotes 16 pages and 5 plates to a discussion of concre- 
tions, and presents a classification of them according to form; and though 
he no longer looks upon any of them as fossils, he considers them exceed- 
ingly difficult of explanation and thinks one must assume them to be the 
result of the action of galvanic electricity, and associates with them, as a 
result of the same general causes, the prismatic blocks of clay produced 
by shrinkage joints which I have described on page 709. 

President Hitchcock returns to the subject in 1861, in the report on 
the Geology of Vermont, and devotes 8 pages and 3 plates to clay- 


1Am. Jour. Sci., Ist series, Vol. XLVII, p. 282. 
2(Qeology of the Connecticut River: Am. Jour, Sci., 1st series, Vol. VI, 1823, p. 229. 
3Geol. Mass., p. 182. 
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stones, and still expects someone to develop the fundamental principles of 
their formation and ‘do for them what Abbé Hauy did for crystallography.” 
He quotes several pages from Prof. C. B. Adams’s second report of the 
Geology of Vermont on the same subject, among other things: “It is 
obvious that the description and theory of concretions constitute a subject 
which, although perhaps less extensive than crystallography, is as properly 
entitled to rank as a distinct science.” He quotes, also, from Professor 
Adams, a new classification of these forms, much more complex than his own, 
and containing several Greek words newly coined for the purpose. These 
elaborate classifications seem worthless, and remind one of Rafinesque’s 
paper describing and naming nine new species of thunder and lightning, for 
all the variety in the forms depends solely upon causes wholly external to 
the concretion itself, namely, to the constantly varying permeability of the 
clay in its different parts and the decomposition of its constituents. In 
tracing the history of these forms one must notice, first, that the clay beds 
in which they occur differ materially from those beds of clay formed by 
the decomposition of massive feldspar in situ, which are often quite pure 
kaolin—a hydrated silicate of alumina. These Champlain clays, on the 
contrary, contain only a small portion of true kaolin, and are, in the main, 
an exceedingly fine, largely feldspathic sand, resembling somewhat the 
finest silt washed from a stamping mill; they are, in fact, the finest portion 
of the material ground up by the glacier, and the waters which bore it 
southward may have been in part a veritable gletchermilch, issuing directly 
from beneath the ice. It may have been carried a long way southward in 
the valley, and thus have been derived by the ice partly from the Vermont 
rocks, among which limestone is prominent. 

It is certain, also, that the clays contain abundantly particles of min- 
erals, as lime feldspars, which, by their decomposition, afford calcic carbon- 
ate. And the waters with which the clays are saturated would, by virtue 
of the carbonic dioxid they contain, dissolve and carry in solution the 
carbonate derived from one or both these sources. The waters are con- 
stantly -percolating, with a slow, capillary motion, through the clays, 
especially after the beds have been cut through here and there by streams 
and the edges of the laminze have been exposed, moving always from the 
moister toward the drier portions; and as the conditions in this respect 
often. change, the direction of their motion would also change. 
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Again, since, as I have described above, every layer is, as a rule, 
capped by a thin lamina much finer and more impervious than the rest, 
while the seams between the laminz are often quite coarse sand, at least at 
base, the water would move most freely in the lower and coarser portion 
of the layer, and least freely in the finer clay laminz above and below. 
This would tend to confine the water within the limits of single layers. 
Its motion would vary, also, by infinitesimal gradations with every varia- 
tion in the permeability of the layer through which it was passing and 
with every difference in the force by which it was moved. 

If we suppose, now, that from any cause a precipitation of the calcic 
carbonate is commenced at a given point or in a limited area within the 
coarser layer—a precipitation, that is, taking place in the interstices between 
and among the grains, cementing them together without greatly moving 
them from their places—the waters deprived of the carbonate held in solu- 
tion would move away and be in turn replaced by other water, still con- 
taining in minute quantity the same salt; or, by diffusion, a new portion of 
the salt would replace what had been precipitated, and, the same cause con- 
tinuing to act, there would thus follow a continuous slow crystallization 
within the limits and during the continuation of its effective action. Nor 
would the process of necessity cease with the exhaustion of the supposed 
cause by which it was initiated. As a crystal already started grows in an 
undersaturated solution, the calcite already crystallized out among the 
erains of the clay would form a group of centers around which more and 
more new portions of the same would crystallize until a compact mass had 
been formed, but little permeable to water, which would then continue to 
increase by superficial accretion, enveloping in its growth the fine sand, as 
a fog spreads among the trees of a forest. 

If the above considerations be founded on fact, it follows that we have 
only thus far to seek for a cause which may start the growth of a concre- 
tion around a given spot in the clay, its continued increase being adequately 
explained by a reference to the laws of diffusion and crystallization. So 
far as all the claystones of the valley are concerned, this initiating cause 
entirely eludes our observation. Very rarely a pebble or a few grains of 
sand are inclosed wholly or partly by the concretion, but I have never 
seen one occupying the exact center, and they do not seem to have been 
the exciting cause of its growth, but rather seem to show that a regular 
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form was sometimes assumed in spite of a marked want of homogenousness 
in the stratum in which the growth took place. 

In a great number of exactly similar concretions, however, from other 
localities, one finds as a nucleus some portion of organic matter—a fish, 
shell, or leaf—whose shape determines the form of the concretion, except 
so far as the same may be influenced by the texture of the bed in which it 
is formed. Here the organic matter inclosed in the bed of clay or fine 
sand gradually surrounds itself with an atmosphere of the products of its 
own decomposition, which slowly expands outwardly—in a massive bed 
extending equally in all directions; in a laminated one, most widely in the 
plane of lamination—and among these products of decomposition are some 
which readily precipitate the carbonates when by the ordinary capillary 
circulation the latter are brought within their range. Thus as the waters 
move to and fro in the bed they come from every direction into the area 
of precipitation, and a solid dependent for its shape upon the contour of 
this area is formed around the organic nucleus, oftentimes hermetically 
sealing it and arresting its further decomposition; while, on the other hand, 
it can not be doubted that many times the organic matter which formed 
the nucleus and determined the deposition was wholly dissipated into liquid 
or gaseous compounds before the process was far advanced. 

Such a nucleus, now wholly vanished, may have determined the 
beginning of the concretions we are discussing, and the fact that Presi- 
dent Hitchcock found always a distinct residue of inflammable organic 
matter in his analyses of claystones goes far to show that such was really 
the case. | 

We can see several sources from which organic material may have 
been, and was, introduced into the clays during and after their formation. 
The country was without doubt heavily wooded before the advent of the ice, 
and all the growth and surface soil were ground up together in the till from 
which the clays are derived, and afterwards, while the latter were forming, 
an arctic growth had again overspread the hills and worms burrowed in 
the lake bottom, as I shall show further on (p. 718); and finally, rootlets 
pierce even such unpromising beds as these to great depths—25 and 30 feet 
in the till of the Western States, for instance, and similar instances are 
given below. I have found them several feet deep in the clays, with a 
concretionary accumulation of ferric hydroxid already commenced around 
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them. When we consider, however, the extreme facility with which calcic 
carbonate is brought into solution and again precipitated, it would seem that 
even a slighter cause might start the growth of a concretion; the decompo- 
sition of a grain of feldspar setting free an alkali which would appropriate 
the carbonic dioxid, or even the slight difference of specific heat of dif- 
ferent minerals starting feeble thermo-electric currents between different 
grains, causing them’ to become points around which crystallization would 
commence, somewhat as a crystalline precipitate forms along the scratches 
of a beaker when it is rubbed with a glass rod. 

By cutting down a smooth surface at right angles to the lamine in a 
mass of the clay one can sometimes find early stages in the formation of 
concretions which illustrate what has been said. There are small spaces 
confined between two layers of the finer clay, rudely spherical in outline, 
though not sharply defined, which .cut with somewhat greater difficulty 
than the clay around, are lighter in color, and effervesce abundantly with 
acid, while the clay around shows but slight signs of effervescence. In this 
case the continued accumulation of carbonate within the limits already 
marked out would produce the small sphere which may be looked upon as 
the normal form. The subsequent growth would be by additions to the 
outside of this, determined by the varying permeability of the clay, pro- 
ducing forms fluted on the edges where the concretion spread through sev- 
eral layers—the constrictions answering to the denser layers, the convex 
projections to the coarser—and flat disks where the increase was confined 
to a single lamina. Finally, the coalescence in various ways and various 
degrees of two or more separate spheres or disks would form all the variety 
of compound and imitative forms. 

In another case I discerned, on cutting across the clay, that ferric 
hydroxid:- had been precipitated in a regular hollow shell $™" thick, flat 
spheroidal in shape, 14™" in greatest diameter; and within and concentric 
with the first shell was a second, similar in shape and thickness, 8" in 
diameter. Here the influence of an atmosphere of decomposition surround- 
ing a central body, which precipitated the iron salt as the latter came from 
all sides within the sphere, seems to be more apparent. Finally, the annu- 
lar claystones—perfect rings of various sizes up to 10 inches—may be 
explained in the same way by supposing the emanation from a decomposing 
center to be confined within a single layer, and thus to assume a discoid 
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form, and to precipitate carbonate everywhere along its border, preventing 
its penetration inward toward the center. ‘The latter forms are not found 
in this region, but occur in clays of the same age and origin at Rutland, 
Vermont. 

The common pipestem coneretions—small, hollow tubes made of clay 
or fine sand cemented by limonite, about the size of a clay pipestem—which 
stand verticle in the clay, are plainly due to the passage of water through 
holes made by small rootlets, and the latter can at times be still found in the 
holes. At the Wapping cutting (see p. 695) I was able to lift up and bring 
away broad, frozen sheets of the fine loesslike sand, one-half inch thick, from 
30 to 40 feet below the top of the cutting, which showed the early stages of 
this growth very beautifully. The wind had delicately sculptured the sur- 
face and left the incipient concretions projecting above the surface, as a knot 
projects above the surface of a worn board, but of regular shape, like very 
large checker-men, each with a small, central root hole, and each about 13 
inches in diameter and concentrically fluted with beautiful regular grooves, 
between which rise the deeper yellow ridges where the iron rust was con- 
centrated. When thawed, the whole bed could be blown off the surface of 
the board upon which it had been placed for preservation. 

These ferruginous forms have been produced by decomposing organic 
matters at the surface, changing iron rust to ferrous carbonate, which has 
been carried down the root holes and precipitated around them and then 
slowly changed to limonite. 

The simplest and commonest form of the calcareous concretions is a 
sphere, like that making the center of the largest specimen shown in the 
figure, which expands regularly to form perfect disks. (See Pl. XX.) 
That the slow translation of the fluids in the clay has to do with the 
growth is indicated by the common occurrence of spectacle-like’ forms, as 
shown in the plate, where two neighboring disks, as they approximate 
by growth, mutually shield each other and so become connected only by 
a narrow isthmus. That a foreign body may cause the growth, perhaps 
simply by halting the solutions, is shown by the fact that the limonite pipe- 
stem concretions become the centers around which the regular discoid 
calcareous concretions have grown. 

The folded concretion figured (Pl. XX) is most interesting as showing 
that the regular growth could take place in the contorted clays, and this 


PL. XxX 


MONOGRAPH XXIX 


U. S. GEOLOGICAL SURVEY 


CALCAREOUS CONCRETIONS WITH WORM TRACKS 


HADLEY AND NORTHAMPTON. 


r] 


IN THE CHAMPLAIN CLAYS; 


2 


a 
-* 

< 
= 
7: 


Aan) 
Dy 
ve 


Ss 


5 
= ae 
ie * 
ee: 
By 7 : 
aK 
Riel 2 
5 a 
; 
© wii 
eae 
> o 
¥ ie. 
> 
a) 
Pate 
e 
ch al 
v.s a 
.- ee 
“4 oo 
oF 
P ave 
7 ¥ 
“| Ly 7 
, * 
€ 
- 
7 - 
i; 
iJ 
és vise 
} 
4 
, 


CONCRETIONS. 717 


and the largest concretion figured show beautifully that they took an exact 
cast of the full thickness of a layer, since they are covered by raised undu- 
lating ridges—the worm tracks mentioned on page 719. 

In the table below I have given: (1) an average of 18 analyses of 
claystones from Massachusetts and Vermont, 5 from Geology of Massachu- 
setts (p. 408), and 13 from Geology of Vermont (p. 700); (2) the propor- 
tion of carbonates to the other constituents; (3) excluding the carbonates, 
the remainder, reckoned to 100 per cent; and (4) the silica, alumina, and 
water, reckoned to 100 per cent. 


Analyses of claystones from Massachusetts and Vermont, proportion of constituents, etc. 
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Column No. 2 indicates that a little more than half the mass of the 
claystones is made up of carbonates, and these have been wholly or in large 
part infiltrated, and this may be true also of much of the iron and man- 
ganese. Column No. 4 would indicate that the original clays in which the 
concretions used for analysis were formed were wholly kaolin; indeed, there 
_is less silica and water than is needed for the formation of kaolin; which 
does not agree with the results of examinations with the microscope. The 
analyses are mostly old, and, I have no doubt, give the quantity of the 
Al,O; too large, and that of the SiO, correspondingly small. 

Thin sections of the small, round and obovate claystones show no trace 
of a continuous calcite cement binding the grains and needles of the clay 
together, but present a very fine and uniform mass of needles and grains, 
not in any marked way distinguishable from the ordinary clay. When 
treated with acids, effervescence appears from spots covering the whole sur- 
face, and the decalcified slide is made up almost wholly of kaolin needles, 
mostly about 0.008 ™ long and 0.002™ wide, quartz grains 0.003 ™ across, 
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and coal grains about 0.004 ™™ across. On examining a new slide carefully 
with high powers the larger grains, which disappear with acid, are found to 
have cores of quartz and a warty coating of calcite. 


FOSSILS OF THE CHAMPLAIN CLAYS. 
REMAINS OF PLANTS. 


So far as I can learn, no fossils have been described from the clays of 
the basin, nor, indeed, from those of the valley of the Connecticut above 
and below. As early as 1852 Dr. James Eights wrote as fellows of the 
Hudson River clays: 

In one of those thin seams of fine sand that separate the strata of clay, about 
15 feet below the surface of the soil [in a plain 260 feet above sea level], are to be found 
the remains of a vegetable much resembling in appearance the leaves and stems of the 


Mitchella repens. . . . These leaves have undergone but a slight change in their 
nature, still retaining all the flexibility of the more recent plant.' 


These were very probably leaves of Vacconiwm oxycoccus, which are the 
most abundant in the clays of the Connecticut. 

In the summer of 1878, while on an excursion with the senior class of 
Amherst College, I detected a few very small leaves in the river bank below 
Hadley, at the north end of the clay exposure, opposite the house nearest 
the bridge over Fort River; and on a similar excursion in 1879 I found that 
the floods of the preceding spring had cut deeply into the clays at that place 
and piled great masses near the south end of the exposure above low-water 
mark. From these blocks I obtained a better supply, though they were far 
from abundant. They were confined within narrow limits, both vertically 
and horizontally, and were generally scattered singly in the lamine. In two 
cases layers were separated containing twenty or more leaves of several 
species and preserving delicately the impression of both the upper and 
under surface. They were uniformly very small—10 to 20" in length— 
generally thick and coriaceous. From their occurring scattered singly in 
the beds and associated with ripe seed vessels, I assume them to have been 
blown off the land by the autumn winds; and their position at or just above 
the base of the upper fine portion of the layer confirms the supposition 
already expressed—that this fine portion was deposited in the winter. 

During the same year my colleague, Mr. J. M. Clarke, obtained leaves 


1 Observations on the geological features of the post-Tertiary formation of the city of Albany 
and its vicinity: Trans. Albany Inst., Vol. II, p. 346. 
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of the same species from the clay bank near Fort River and east of the Fair 
Grounds in Amherst. Here they were matted together, leaves and twigs, 
in a layer several millimeters thick over a small surface. Later I obtained 
the same leaves in some abundance from the clay beds at the cutting south 
of College Hill, opposite the Central station, where the clays rise to their 
ereatest height. I have also found them at the brick pits beyond the asylum 
at Northampton. 

Besides the abundant trails of minute dipterous larvee, nine plants 
have been identified with arctic and subarctic species by comparison with 
White Mountain and arctic plants in the Amherst Herbarium; these are 
enumerated below. 

Viola palustris L. Very small leaves, round heart-shaped, crenate, with 
four principal veins, agreeing well with the smallest leaves from the White 
Mountains. Two or three leaves at} Hadley. Several at the Hampshire 
Park locality, Amherst. 

Vaccinium oxycoccus L.—Leaves punctate above, rolled up underneath, 
heart-shaped posteriorly; stem short and broad. While they agree in shape 
and size closely with the species to which I have referred them, the vena- 
tion, which is indistinct in the herbarium specimens I have examined, is 
well marked in the fossil specimens. I have assumed this to be the result 
of maceration in the latter, since, so far as I could compare them, the vena- 
tion was alike in both. Twigs occur carrying several leaves and several 
nicely preserved seed vessels. Very abundant both at Hadley and at 
Hampshire Park south of College Hill, Amherst. 

Vaccinium uliginosum L.—Very rare; Hadley. 

Rhododendron lapponicum Wahl.—Single leaves; referred with some 
doubt to this species. Hadley. 

Arctostaphylos alpina Spr.—Several leaves agreeing exactly with those 
from the White Mountains. Hadley. 

Arctostaphylos wa-ursi Spr—Single leaves; referred with some doubt 
to this species. Hadley. 

Oxyria digyna Campd.—The single impression of a small lenticular 
seed vessel, which agrees very closely with the impression made by the 
opened achenium of the mountain sorrel. Hadley. 

Salix cutleri Tuck.—Leaves agreeing exactly with this species are 
found oftener than any other. They are often folded together along the 
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midrib, which I found to be the case also in the dried specimens studied. 
Small sessile seed vessels, several on one stalk, also occur in several cases. 
Hadley, and Hampshire Park, Amherst. 

Lycopodium selago L.—I have referred to this species a single specimen 
agreeing with it in habit and in shape of leaf, but much smaller. Hamp- 
shire Park, Amherst. 

In 1835 Dr. Hitchcock described fossils from Deerfield, Greenfield, and 
South Hadley, of a single genus in an imperfect state, resembling Ovulites 
margantula Goldfuss or Secyphia, which the full description shows to have 
been ferruginous pipestem concretions." 


BURROWS OF DIPTEROUS LARVA, 


Over many surfaces of the laminze which were free from the delicate 
rippling I have described above (p. 703), and were exceptionally smooth 
and fine-grained, run delicate raised threads in regular undulations, each 
curve being 4™™ long and 8™"™ deep. At times the raised thread is replaced 
by a groove of corresponding size, 1 to 14™" in width. These may have 
been formed by minute worms burrowing just below the surface and raising 
a ridge, which sometimes sank in to form the corresponding groove. They 
occur 380 to 40m" in length. It is also interesting that the claystones have 
taken the cast of the partings between the clay layers so accurately that in 
the large disk-shaped stone figured in Pl. XX, p. 716, both sides are covered 
by the grooves and ridges, and these show distinctly in the photograph. 
The claystone came from a point 30 feet below the level of the Connecticut 
at the west pier of the railroad bridge. The same trails appear abundantly 
on the surface of the folded claystone figured on the same plate; the exact 
locality from which this stone came is not known, but it is probably in 
Northampton or Hatfield. These tracks were first figured by Hégbom? 
from interglacial clays in Jemtland, Sweden. They were later described 
by Dr. Gunnar Anderson*® from Jemtland and Finland. They were iden- 
tified by him with the traces made by the larva of the dipterous insect 
Chironomus motilator. 

These traces have been found from the strandzone to 300 fathoms in 
depth, in salt and fresh water, and in both temperate and arctic climates.’ 


1 Geology of Massachusetts, p. 182. 

2 Geol. Féreningens Stockholm Foérhandl., Vol. XV, 1893, p. 29. 

3 Sveriges Geol. Undersékning, Series C, No. 166, 1897, p. 22 (60). 

4Fr, Meinert, De eucephale Myggelarver: Kjébenhayn. Vidensk. Selsk. Skrifter, 6 Raekke, Vol. 
ILI, 4, 1886; pp. 441-444. 


FOSSIL LEAVES. G21 
REMAINS OF FISHES. 


In 1895 one of my class found half of the pharyngeal bone of a fish 
in the Champlain clay 20 rods above the old 
oxbow of the Fort River below Hadley street. 
It was given to me on the spot and was lost by me 
through excess of care. It was about an inch long, 

Fic. 46.—Pharyngeal bone ofa fish, from 
and the principal peculiarity was that the teeth, the Champlain clay, Holyoke, 
which were rounded and slightly bent cones about the size and proportion 
of a rather long lead-pencil point, were in a double row, pointing outward. 
The outer surface below the teeth curved outward and was quite deeply 
excavated vertically in several grooves, so that the rounded ridges, radiat- 
ing a little, resembled the base of a tree trunk. The annexed cut, drawn 
from memory soon after the loss, represents the teeth quite accurately, 
though making them a little too large for proportion. Profs. E. D. Cope 
and Bashford Dean, to whom I submitted my drawing, agreed that it was 


the pharyngeal bone of a carniverous dacelike fish near Leuciscus or Rhodus. 
MON XXIx—— 46 


CHA PTE Re X Xe 
TERRACES AND MODERN DEPOSITS. 
INTRODUCTION. 


An inspection of the profile of the river (Pl. XXI) shows in a striking 
way the ineffectiveness of the stream at low water and its effectiveness at high 
water. At low water it enters the State 181 feet above sea level and leaves it 
39 feet above, but of this descent of 142 feet a fall of 132 is expended at the 
two dams and the French King Rapids, and 10 feet only in the intermediate 
spaces, less than 2 inches to the mile, as this portion of the river is about 
70 miles long. At high water it crosses the State line at 218 feet* above 
sea level and leaves the State 57 feet above sea level, a difference of 161 
feet, and of this only 83 feet is lost at its falls and rapids; 78 feet is divided 
over the long stretches of the stream, a little less than 14 inches to the mile 
on an average, though in reality the stream is divided into segments having 
velocities which oscillate widely about this mean. 

This is the time of active work for the flooded stream, and much work 
goes on beneath its turbid waters, which is immediately visible when these 
waters subside, and much which has been unsuspected and which is not 
readily recognized. The visible effects are the erosion of its barks, the 
increase of its bars, and the spreading of a fine loam layer over its flood 
plain. The invisible work is the scouring out of the channel and the trans- 
portation through it of an unknown mass of sands, and then the building up 
of the old bars and shallows again in the old places so perfectly that one 
does not suspect that they have been removed at all. 


1This high-water datum was taken from the Northfield ferry house. The following notices of 
years of especially high water are taken from the Supplement of the Hampshire Gazette, November, 
1895: ‘1801, great flood of Connecticut River, called ‘ Jefferson flood ;’ 1843, April 15 to 18, great flood; 
1862, highest water ever known in the Connecticut, known as the Lincoln flood; all the houses on 
Maple and Fruit streets submerged.” 
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A stream tends to increase its meanderings until friction on bank and 
bottom of its increased length uses up all the force derived from its descent 
during flood time. But when this happy equilibrium is reached the river 
goes beyond it and grows too long. It then, for relief, cuts off an oxbow in 
a sluggish stretch, as the Connecticut has often done between Sugar Loaf 
and Holyoke. This gives the section of the stream new life and eroding 
power by as much as it is shortened; and hence, since the great oxbow was 
cut off at the Northampton Meadow there has been more complaint of the 
loss of land by erosion across the Hadley and Northampton meadows than 
anywhere else on the river. ‘The erosion has been especially severe at the 
upper and lower ends of Hadley street, and the location of the two bridges 
‘at Northampton has done much to direct and deflect the stream, especially 
promoting the erosion above those bridges on the east side and the growth 
of the islands on the west. At the extreme western apex of the great bend 
the stream has worn into a hill of coarse drift, out of which it has con- 
structed a natural riprap, which is restored as often as broken, and a period 
is put to the stream’s wear in that direction, so that everything points to its 
cutting across parallel to Hadley street unless careful precautions are taken— 
more careful, it seems to me, than have been thought necessary. 

By the continued work of the agents here briefly mentioned, some of 
which are more fully discussed in the section on incomplete terraces (p. 731), 
the Connecticut has swung to and fro across the abandoned lake bottom as 
a cable swings through the water. The sands have melted away before it 
and filled in behind it, holding it to a constant width. In the Springfield 
Lake it has cut down very deeply into the lake sands, especially below 
Holyoke, forming many and complicated terraces. 

In the Hadley Lake it has lowered only very little since it began to 
flow as a river, forming few and broad terraces. At the Northampton bridge 
the track runs off the bridge at the west end and cuts the lake bottom, and 
from the east end one looks down on the lowest complete terrace, less than 
20 feet below the level of the bridge. In the Montague Lake the downward 
erosion was arrested by the waters striking the Lily Pond sandstone reef, 
in Gill, and after they had rounded this reef they cut down rapidly to 
present level, forming an extra terrace not marked farther south. 
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THE INTERMEDIATE TERRACE AND THE BARRIER AT THE LILY 
POND IN GILL, AN ABANDONED WATERFALL. 
Mr. Warren Upham, in his Survey of the Terraces of the Connecticut 
River in New Hampshire,! described a ‘second apparently connected series 
of terraces which mark one of the principal flood plains formed by the 


river during its work of erosion.” It is “most clearly continuous below - 
the south line of Brattleboro, but seems to be traceable from White River 


Falls.” 

In the center of the State I was not able to trace any well-marked 
series corresponding with that described by Mr. Upham, but commencing 
at the north line it runs down the river, well marked and continuous, to 
the beginning of the canyon below Northfield Farms, and it had long been 
a problem to me why the terrace so broadly worn into the older sands in 
the north was so faintly represented farther south. 

A study of the sandstone ridge at the Lily Pond? quarry of Triassic 
“bird tracks” in the summer of 1882 made it clear to me that here had been 
the site of a waterfall of the Connecticut which had worn back two short 
canyons about 100 feet long, in the northern and deepest of which the Lily 
Pond lies, and that the two had included a rocky island between them, just 
as is the case at present with Turners Falls, and on a larger scale with 


Niagara. This held up the waters to the level of the 300-foot terrace. 


above this point. 

After an amount of erosion which must have represented a considerable 
lapse of time, the stream, wearing into the sands of the great delta on the 
south, cut round the edge of the ridge to the left and sunk suddenly to 
nearly its present level, abandoning (a) its course through the Lily Pond 
and Bartons Cove, and (b) the other branch starting from the other notch in 
the ridge and running parallel with the first, and, like it, still represented by 
a “cove” extending back some distance along the abandoned channel. The 
river took thus a more circuitous course through the “ narrows,” and had 
still to cut down somewhat to reach its present level, as the prolongation of 
the sandstone ridge appears just above the water level on the other side 
of the stream, coming out from under the thick delta sands. This is doubtless 
the reason why the width of the stream is so small at this point. 


1 Geology of New Hampshire, Hitchcock, Vol. III, p. 58, 
>This is the third Lily Pond mentioned in this chapter; one is in South Vernon, Vermont, the 
other in West Northfield, and this is just east of the Factory village, in the town of Gill. 
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The view given in PL XXII is taken from the edge of the high ter- 
race a mile north of Willis Hill, in Montague, looking north across the Con- 
necticut during the spring flood. The stretch of the river between the 
“narrows” and the ‘‘horserace” is double the usual width, and it extends 
south covering the broad flats shown on the map. The broad notch (a b) 
in the sandstone ridge to the north, across the river, is the notch by which 
the waters formerly passed to fall deeply into the canyon concealed to the 
north. The small southward projection on the map, of the crescent-shaped 
pond, which is the Lily Pond, represents this canyon. The contours on 
the map are here incorrect, for the ground rises along the ridge to the east. 
The second notch (c) is opposite the next pond to the left; the place where 
the river turned the obstacle (d) and cut down to the point of the sand- 
stone ridge is the narrows on the map. 


THE LOW-LEVEL TERRACES AND FLOOD PLAIN OF THE CONNECT- 
ICUT IN THE BASIN OF THE MONTAGUE LAKE. 


_ The subsidence of the waters of the Connecticut lakes to the present 
Connecticut River was very rapid, interrupted above the Lily Pond falls 
during their existence (see Pl. XXII), but completed perhaps still more 
suddenly here by the turning of the Lily Pond reef by the waters, as 
described on the preceding page. 

As a result, one goes down—through the whole length of the Mon- 
tague Lake, which was well filled up in the flood time, except in its southern 
portion—by a great scarp to the series of erosion terraces of the modern 
river, the highest of which rise but a few feet above the level of the flood 
plain. I have colored these on the map with different shades of yellow, 
the darkest for the highest and oldest terrace, farthest from the river (t*), 
the lightest shade but one for the present flood plain (t"), and a very light 
yellow for well-marked but incomplete terraces below the completed flood 
plain (t#). Abandoned oxbows (0 x) and old river courses (0 b) now play 
an important part and are colored by lines of the same shade as the terrace 
coeval with them. 

These later terraces form the ‘‘meadows” of the Connecticut. The 
Northfield Meadows and the romantic recess opposite, and the beautiful 
Pine Meadow above Northfield Farms, are the only ones of considerable 
extent carved in the northern lake, for from the latter place the river 
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any evidence of an intermediate water stand, the rapidity of the decline of 
flows between rocky banks to the mouth of the Deerfield River and is 
bordered only by narrow terraces until it reaches the Hadley Lake basin 


at Sunderland. 
THE LATER TERRACES OR MEADOWS OF THE CONNECTICUT*IN THE 
HADLEY LAKE. 
The Sunderland, Hatfield, Hadley, and Northampton meadows, the 
most famous farming lands and the earliest-settled portion of old Hampshire 
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Fia. 47.—Sketch of the pointsof the Northampton Meadow from Mount Holyoke, to show that the meadow is a composite of 
many islands. Except when seen just before sunset, the meadow seems an almost perfect plain. 


County, make up the area built by the Connecticut since its shrinkage 
to near its present dimensions, in its passage from Sugar Loaf to Mount 
Holyoke. 

The old lake bottom lay so low, especially in all the area north of 
Mount Warner, in Hatfield and North Hadley, that after one has followed 
down the slope from the high lake bench to and across this bottom to the 
scarp, a few feet in height, above the oldest of these later terraces (a scarp 
which registers the farthest outward swing of the river), and has failed to find 
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the water to essentially its present volume becomes quite manifest. The 
meadows are broad prairies of the richest soil, the gift of the river, and 
seen from Mount Holyoke or Sugar Loaf when the crops are on, as they 
are farmed without fencing, they spread in a carpet of wonderful beauty at 
one’s feet and take their place in a landscape which owes much of its charm 
to the immediate proximity of the prairie and the mountain. 

The plain that seems so perfectly level when seen from above proves 
on closer inspection to be made up of a series of broad, low ridges (fig. 47), 
like the long, low swell that comes in on the coast after a distant storm, and 
the curved grooves which separate these ridges run approximately parallel 


‘to the bank of the stream, but with greater or less curve. This is due to 


the composite nature of the terrace itself, as explained in a general way 
on page 722 and illustrated in its details in the discussion of incomplete 
terraces on page 731. Each of these low bars represents one of the ele- 
ments out of which the terrace is built, and has passed through the stages 
of bar, island, and ‘“ glacis terrace,”’ as it has added itself to the previously 
formed plain, while the groove on the outside of each ridge (out from the 
river) is the unfilled remnant of the waterway which separated the island 
from the former shore. 

The surface of the broad terrace plain north of North Hadley and 
extending up to Sunderland shows this most strikingly, and when seen 
from the hill just north of Hatfield each separate island of which the ter- 
race was built by the westward swing of the river can be picked out. 


THE STRUCTURE OF THE TERRACES. 


The river sands—The two scarps which form the riverward limit of the 
old lake bottom and the outer boundary of the terrace system on either side 
of the river, and represent the outermost limits of the oscillations of the 
stream, afford the best natural sections of the lake-bottom beds and com- 
monly expose at least the upper portion of the clays and their junction with 
the sands above, a junction very often marked by a line of springs. Between 
these scarps the river-bottom sands rest in the trough cut in the clays by 
the river, and the stream rarely runs directly on the subjacent clays. These 
sands are of medium grain, well washed, straticulate, with southward dip, 
and often, in addition, cross bedded with sharp southward or more moderate 


1 Hitchcock, Surface Geology, 1860, p. 5. 
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northward, eastward, or westward dips, according to their position upon 
the bar of which they form part. 

The muck sands.—In 1838 President Hitchcock wrote: 

Luther Root, in digging a well in Sunderland, 80 rods from Connecticut River, 
at bottom cut through a thick stratum of quicksand smelling of sulphuretted 
hydrogen. ‘This sand proved to be very fertile. The same happened from a well in 
South Deerfield, on land of Mr. Rufus Rice. The bed was 6 feet from the surface. 
On searching, the bed was found on the bank of the river in Sunderland. It is the 
first stratum that retains water. 


President Hitchcock traced it through the Connecticut, Deerfield, and 
Westfield river valleys. It is, when wet, slightly green and soapy, but is a 
fine sand. It contains iron oxide and vegetable fiber, and many analyses 
are given showing ‘soluble and insoluble geine” (as the substances that 
may be extracted from vegetable mold were then called), sulphate and phos- 
phate of iron, and silica. In his final report? he returns to the subject at 
great length, compares the fertilizing part to the slime deposit of the river 
and expects much from its use upon lands. He calls it “muck sand,” but 
notes that it is commonly called quicksand. 

Where I have been able to study this it has proved to be the finer 
deposit thrown down in the channels between islands and the shore to which 
they were in process of joining themselves, which channels are generally 
silted up at the upstream ends first and remain then long filled with stag- 
nant water. They are called “intervals” on many New England rivers. 

Peat deposits, plant remains.—In his first article on the geology of the 
valley® President Hitchcock writes: 

In the meadows, logs, leaves, butternuts, and walnuts are found undecayed 15 
feet below the surface, and stumps of trees have been observed at that depth stand- 
ing yet firmly where they once grew. In the same meadows a few years since several 
toads were dug up from 15 feet below the surface, and 3 feet in gravel, which soon 
recovered from a torpid state and hopped away. 

From the plain east of the south end of Sunderland street, beneath 7 
feet of sand, hemlock logs with bark and leaves, beech nuts, and pine burs, 
have been very frequently dug up, as reported to me by Dr. Trow, of that 
town. ‘These remains occur sparingly in the river sands everywhere as 
water-logged fragments, and more abundantly in old stream beds and in the 


1Economic Geology of Massachusetts, p. 93. 
?Geology of Massachusetts, 1841, p. 107. 
* Geology of Deerfield: Am, Jour. Sci., Ist series, Vol. I, 1819, p. 108; also Final Report, 1841, p. 366. 
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sheltered grooves described above in connection with the “muck sand.” In 
digging wells in the lower part of Northampton along Maple street, on the 
north side of Mill River, and tiear the road leading to Hockanum Ferry 
from Pleasant street, the deposit has been found 16 to 20 feet below the 
river—a fine, bluish loam, with leaves, branches, and roots, butternuts, but- 
tonballs, hemlock knots, and a piece of coal. The same deposit was exposed 
at the foot of King street in Northampton. 

Loess.—The most important stratum which goes to make up the ter- 
races is the wholly unstratified loess which everywhere caps them. It is 
most important economically as giving the meadows their fertility, and 
deserves attention as a true water-formed river loess. Except for the lack 
of any large per cent of calcic carbonate, which, as there is almost no lime- 
stone in the drainage area of the Connecticut, is not surprising, and for the 
resultant rarity of land shells in the bed, its agreement with the Rhine loess 
is complete. It caps the river sands, and up and down the river presents 
a cornice, often 8 feet thick, of a fine, dark, wholly unstratified loam, 
pierced full of vertical root holes and breaking with vertical walls. It is 
the accumulated silt of the annual floods of the river, each layer being 
worked over by wind and frost and by the boring of worms and roots 
until the whole becomes entirely massive; and a rudely columnar structure 
is produced by the multitude of root holes, which become passages for 
water after the rotting of the roots, and so lessen the cohesion in this direc- 
tion that a vertical cleavage results. This loess layer appears capping the 
surface in the section (fig. 48, p. 737). It is finely shown in the curving 
bank above Northampton bridge, where the river is wearing with great 
rapidity into the Hadley Meadow and is forming already a great semicircle. 
Here the loess forms a perpendicular wall below which the sand slope is 
cut into great steps by the river as it sinks from high water, so that the 
whole resembles a Roman circus. The loess is here 5 feet thick. Over the 
Hatfield lower meadow it is 6 feet thick; over the upper meadow about 2$ 
feet. Over the Northfield Meadows the loess is 6 to 8 feet thick, and is 
especially strongly developed in the West Northfield Meadows. 


THE TERRACES OF THE CONNECTICUT IN THE SPRINGFIELD BASIN. 


The fact that the basin was left by the ice so nearly filled up to the 
level of the later lake, and the fact that the contributions to the lake were 
almost wholly from the east side, caused the thread of the current through 
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the lake to hug the western shore; and as the river took the place of the 
lake, it occupied the same position and cut very soon down into till or sand- 
stone, and so was unable to swing in broad oscillations, as in the deeper 
clay-filled Hadley basin. From the notch to Smiths Ferry a narrow terrace, 
or, for a distance, two narrow terraces, border the river on the west. On 
the east the river is wearing into the great gorge terrace of Dry Brook Hill, 
and a single sand slope of 188 feet touches the water's edge. From the 
south end of this hill to Holyoke the first position of the river was much 
farther east, and it has swung west to its present place and built on the east 
side an early flood plain, long since abandoned, and the river has now cut 
its bed deep in the sandstones and is thus prevented from oscillating. 
Doubtless if the dam below were removed the water would run in rapids 
over this ground, as it does over the rocks above Turners Falls. There is 
in all this distance scarcely a trace of any low terrace on the west side of 
the river. 

Across Chicopee there is a fine, low terrace bounded on the east by a 
high scarp of the high terrace, which everywhere shows till in great force 
beneath the sands of the old lake. From the Chicopee River south to the 
south line of the town the high terrace scarp comes forward to the river. 
Across Springfield there is developed a complicated series of river terraces. 
An incomplete terrace borders the stream opposite and above Hampden 
Park. The business portion of the city is built upon the normal flood plain 
of the river. Above this are two well-marked terraces, which send back 
deep lobes to the north and south of the armory grounds, up old water 
courses, and a remnant of one of these intermediate terraces is preserved 
in the hill north of the Memorial Church, cut off possibly by an oxbow, 
the only one found in this basin upon the main stream. The low terrace 
contracts to nothing on the south line of the town and widens again in 
Longmeadow. 

On the west side of the river the low terraces expand south of Holyoke 
into the broader meadows of West Springfield and Agawam. 

The series in all this distance is quite complicated, matching the oppo- 
site side of the river. There is across West Springfield an early flood plain 
raised well above the river, and around the entrance of the Westfield River 
the incomplete terrace occupies broad areas from which the water is largely 
kept out by artificial embankments. South of this tributary, across Agawam, 
the system of later terraces is developed with a beauty not exceeded in the 
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whole length of the State. We have, beginning back at the mountain, the 
broad stretch of the high lake flats (If), sinking into a more limited area of 
lake bottom (1bt), and cut into this is a series of later terraces, four in 
number (t*t*), much broader than the corresponding ones north of the 
Westfield River, and combining with the terraces of this latter stream to form 
a most beautiful succession of broad meadows, bounded back from the river 
by sharp slopes, which swing in great curves—representing former curves 
of the stream—up which one mounts to reach higher terrace flats as well 
characterized as those below. 

THE INCOMPLETE TERRACES AS ILLUSTRATIONS OF THE STAGES IN 

THE GROWTH OF TERRACES. 

All up and down the river broad sand flats may be seen extending out 
into the stream at a level but little above low water and on the concave side 
of bends, as north of the knee of the Hadley bend and at the first ee. 
below the Northampton bridge. 

Generally only one bank of the river is wooded at a given section of 
the stream. Going up or down stream, one comes to a stretch where the 
growth ceases and is replaced by a caving bank, beyond which the bushes 
begin again. From the bushy banks the shallows extend far out, and the 
conditions are favorable for the formation of islands. Against the caving 
bank lies the thread of the stream. Hach set of these sand flats and shallows 
is connected diagonally across the stream with a corresponding set on the 
other side, and at low water a series of disconnected deep water-pockets lies 
in the line of the thread of the current, alternating against the right and left 
banks of the stream, and so much of the water seeps through the sands of 
the shallows between the pockets that the bed is not scoured out at all 
between these long, curved deep-water stretches. 

It was a remarkable and interesting discovery of Gen. Theo. G. Ellis, 
of Hartford,* that at high water a large portion or the whole of this system 
of bars is scoured out, and on the recession of the flood is replaced exactly 
in its old place and with its old dimensions, as a curtain held up by the 
wind sinks to its old place as the wind falls. This is true, of course, in so 
far as the banks of the stream above and below are unchanged, for these 
bars are the mechanical solution of a complex equation in hydraulics and 
ee with any eae of the factors. 


s gubons of Connecticut River: Ex. Doe. 101, Forty-fifth Congress, second session. 
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If bushes or turf strand on the bar and take root, it is protected and its 
increase is accelerated, and it grows in flood time above the low-water level 
and rises as an island or promontory, and the tendency of the stream to 
scour out everything at high water generally keeps open a channel between 
it and the mainland. This is the condition of Ellwells Island, just north of 
the west end of Northampton bridge. In the time of canal navigation, 
sixty years ago, the channel, 33 feet deep, ran right under the present 
island, and in digging for the pier of the new bridge old boat hooks were 
found under its south end. 

The island generally joms the mainland by the silting up of the 
upstream end of the side channel, and a deep, stagnant inlet runs up from 
its south end. This is the condition of two broad peninsulas opposite the 
‘“oxbow” below Hockanum which have formed since 1840. 

The continued growth of the new addition to the flood plain takes 
place by material brought in over it during floods, and this decreases in 
rapidity as the ground rises, and soon the checking of the current as it rises 
over the flat makes itself manifest in the increased deposition along the 
outer border of the flat, and a ‘‘glacis terrace”’ results, sloping sharply to 
the water and gradually backward. The ‘“elacis terrace” is thus a case of 
arrested development of a terrace. The groove which separates the new 
from the old remains preserved for a long time and often permanently. 

Again, as the waters rise over the growing terrace, they are arrested 
first over ‘its upstream portion and thus build up this end most rapidly. 
This is most beautifully illustrated in the terrace which begins at the North- 
ampton bridge and extends south to the south end of Hadley street, and is 
bounded by the road which leaves the main road at the bridge and joins 
Hadley street at its south end. This road runs along the edge of the former 
bank of the river, and at its south end one looks down upon the lower plain, 
still separated by a shallow inlet which runs up from the south, North- 
ward, the lower plain gradually rises, the inlet shallows and disappears, and 
the lower terrace is a complete “glacis terrace.” Still farther north the 
lower plain continues to rise, and the scarp which separates the two becomes 
less in height until at the bridge the two have come so nearly to the same _ 
level that one might easily overlook the fact that the newer terrace extends 


1 Hitchcock, Surface Geology, 1860, p. 5. 
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for some little distance above the bridge. I have already had occasion to 
describe the meadows as formed by a continued repetition of this process. 
(See fig. 47, p. 726.) 


ON THE OSCILLATIONS OF THE CONNECTICUT FROM ITS EARLIEST 
POSITION. 


From the north line of the State to the Sunderland bridge the river 
everywhere cut down rapidly to rock and has not swung widely to east 
and west, but has been condemned from the beginning to rock cutting. 

The river at the beginning took its course across the Hadley Lake 
bottom along the deepest line, which it has obliterated. I imagine that this | 
line was very nearits present position. It probably swung first eastwardly 
to its eastern limit, at the “halfway house” on the Hadley road. It is 
more certain that from this eastern limit of its oscillation it has moved west 
regularly and silted up its bed behind quite rapidly and completely; 
this is shown by the fact that the Hadley and North Hadley-Sunderland 
meadows are composed of series of elongate and coalescing islands, as 
detailed on page 726. It has swung, then, west across the Hatfield and 
very far west across the Northampton meadows, and regained again a more 
central position by cutting off its oxbows. During its swing westward, 
across the Northampton Meadow and hack, it has lowered itself by about 
7 feet more than its own depth, since at the foot of Hadley street its old 
bottom sands rest upon the eroded surface of the Champlain clays ata 
height of 7 feet above the low water of the river. This height may be some- 
what increased if we allow for the influence of the Holyoke dam. 

From the Holyoke notch south to the Holyoke dam the river early 
became entangled in rock and has cut only vertically. From the dam south 
the earliest position, or, more accurately, the earliest restorable position, 
may be found by following down the outside edge (counting from the river) 
of the oldest terrace of erosion (t*). This, the highest terrace of this later 
series, is found only on the west side of the stream from Holyoke south, 
and then is for a long way present on the east side, across Springfield, then 
being transferred to the west side, across Agawam. ‘This represents the 
sinuous position of the stream from the Holyoke Falls southward at a time 
when it had first established its course across the lake bottom, and from 
which it has swung to form its later and lower terraces, ending in its present 
temporary position. 
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THE OXBOWS OF THE CONNECTICUT. 


In the Montague Lake the valley was too narrow, the rock comes too 
near the surface, and the earlier deposits were too thick to allow of broad 
bends and cut-offs. Several old river beds there seem rather to have been 
formed by the building up of an island in midstream and the after limita- 
tion of the current to one side of it without filling up the abandoned portion. 

Over the broad bottom of the Hadley Lake the stream had more free- 
dom, and in the Hatfield and Northampton meadows are two most interest- 
_ing series, containing in one case four and in the other three old cut-off 
oxbows, and between is the great Hadley bend, where the river runs about 
6 miles to advance southward 1 mile, and threatens to take a straight course 
down through Hadley street. (See map, Pl. XXXV, in pocket.) 

In Hatfield the oldest oxbow runs down west of the village. A part 
of the unfilled bed of the second is the Great Pond. The third is repre- 
sented by a sickle-shaped pond east of the road going north from the village, 
and the completion of the fourth has in very recent years transferred a. 
fragment of Hadley to the west side of the river. 

In Northampton a sickle-shaped pond, at the western edge of the 
meadow, represents the oldest cut-off. The second remains in a smaller 
pond near the western curve of the third—the oxbow par excellence— 
which is still a ring-shaped pond, in communication with the main stream 
beneath the bridge of the Connecticut River Railroad. This was cut off 
during the flood of 1840. Figures of the river, as seen from Mount Hol- 
yoke before 1840, with the fine curve of the stream from 1840 to 1845, 
after the cut-off and before the silting up of the mouths of the oxbow, are 
given in the publication, Northampton, Meadow and City.’ 


ON THE DEFLECTION OF STREAMS TO THE RIGHT BANK. 


The Connecticut River between Mount Toby and Mount Holyoke, 
about 8 miles in a straight line, flows across the broad, level bottom of the 
ancient lake through thick, very fine-grained, and very homogenous deposits. 
It is thus, together with its tributaries, favorably situated to give evidence 
concerning the possible influence of the earth’s rotation upon the erosion of 
streams according to Ferrell’s law, that a stream under the influence of the 


1, N. Kneeland, Northampton, 1894, p. 36. 
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earth’s rotation always tends to wear its right bank. Accordingly, it is 
interesting that the river has constantly made and cut off oxbows on the 
west—that is, the right side—and never on the east side. It has successively 
cut off four bends in Hatfield and three in the south part of Northampton, 
and has also made the great Hadley bend, which it has long threatened to 
change, into an oxbow, and it has never made great bends out to the eastward. 

The same testimony also comes in a striking way from the tributaries 
I have for several years given, as practical work for advanced students, the 
mapping of portions of these tributaries of the Connecticut, which run for 
long distances out over the old lake bottom, and on counting up the sharp 
bends and oxbows on the right-hand side of the stream the proportion was 
as great as 30 to 1 in favor of this side as against the opposite. 


RIVER TERRACES AROUND A RECEDING WATERFALL. 


The flood plain of a river tends to reach the full height of highest 
flood, and on approaching a fall this height diminishes greatly, as the waters 
as they go over the fall, because of their increased rapidity, rise to only a 
small fraction of their normal height. At the foot of the fall or at the mouth 
of the canyon below the fall the flood plain begins again at a level as much 
below that above the fall as the descent of the waters demands. 

Thus at Turners Falls the flood plain above the falls is only 7 feet 
above the level of the waters, and the height above the waters before the 
erection of the dam was probably not many times greater, while the flood 
height of the river here is 30 feet. If now the falls recede, leaving remnants 
of this low flood plain, it will hang over the canyon with a height above 
the river equal to its original height plus the height of the fall; and this is 
the case at Turners Falls and at Holyoke, where the old flood plain is con- 
tinuous from above the falls south along the sides of the gorge formed by 
the recession of the falls. 

If, further, the stream by its oscillations below the falls builds a flood 
plain at the lower and newer level, we have the curious result that the 
flood plain above the falls will extend downstream above the flood plain 
below the falls, the two thus overlapping at two different levels. Distinct 
traces of this appear at both of the falls on the river, especially at South 
Hadley Falls, where the flood plain of the river is continued out over 
the lower one for a long distance. This makes a difficulty in coloring 
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the terraces, and I have on the map continued the low-terrace color down the 
canyon side in dots to distinguish it. 


THE TERRACES OF TRIBUTARIES. 


The deep, land-locked basins cut in the lake beds by the tributaries of 
the Connecticut are among the most remarkable orographic features of the 
valley. Each stream has first built out the great delta plain and then 
excavated its basin on the sinking of the main stream. They have this 
peculiarity in common. Each stream emerges from its gorge in the crys- 
talline rocks, runs across its former delta, and passes through a short rocky 
gorge just above its mouth, and the stream has thus been fastened at two 
points like the string of a musical instrument, and has vibrated between 
these two points to form its closed basin. It has eroded with great violence 
because it has had the rapid fall across the crystalline rocks. 

The Deerfield and Westfield River basins are the most extensive and 
interesting examples, the one occupied by the most romantic and sleepy 
old town in the valley, the other by a typical, unattractive, manufacturing 
town. These rivers have reoccupied their old gorges in the trap ridges, 
as already explained (p. 512). The others, Green River, Millers River, 
Mill River in Northampton, and Cushmans Brook at the Golden Gate in 
Amherst, have by chance struck rock bottom as they cut down through 
their deltas, and thus the mouths of their basins are closed below, as are the 
first two. 

The basins are bounded on all sides by high scarps, and over the low 
meadow bottoms are many abandoned channels caused by ice obstruction 
in spring, which in the Deerfield bottom are developed into a most compli- 
cated network. 

A prominent, flat-topped hill, called Pine Hill or Pine Nook, its surface 
on a level with the adjacent high terrace, rises in the midst of the Deerfield 
Meadow and has doubtless been cut off by an old oxbow of the river, and 
a smaller but similar one, which has been called an Indian mound, but has 
the structure of the surrounding delta sands, stands in the basin of Mill 
River above Florence. 
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AN OLD OXBOW OF FORT RIVER. 


From the south end of Hadley street one may follow the Champlain 
clays continuously for a long distance south in the river bank. Near where 
they sink below the water a terrace scarp belonging to Fort River is cut 
off in the bank of the Connecticut. The last house passed in going south 
from Hadley and before crossing the bridge over Fort River stands on the 
edge of the completed flood plain of the Connecticut and looks down over 
this scarp to a lower plain, formerly part of the flood plain of Fort River, 
which here runs parallel to and just east of the Connecticut. In fig. 48, a 
represents the southern termination of the Champlain clays, which a few 
feet north furnished the leaves described on page 718, and still farther north 
abound in claystones; 6, the bottom sands of the Connecticut when it 
flowed at a level higher than at present by an amount somewhat greater 
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Fig. 48,—An old oxbow of Fort River cut by eee toate Ge Hadley. d, d’, old bed of Fort River. 
than its own depth. These are coarse to medium grained straticulate 
sands, which rest unconformably upon the clay and extend with a thickness 
of 20 feet to the point where the old Fort River terrace scarp is cut off in 
the present river bank. Here these sands end, their horizontal beds abut- 
ting unconformably against ¢ and e, except that at lowest water their lower 
beds can be traced beneath c for the whole length of the exposure. 

The scarp, partly exposed and partly submerged, against which these 
sands end, registers the farthest northward swing of Fort River in throwing 
out an oxbow here on its west side; ¢, which is a fine, horizontally bedded 
and straticulate sand, is the bottom sand of Fort River as it swung across 
its flood plain; d and d’ are two cross-sections of the old oxbow of the trib- 
utary, now cut into by the main stream. At d the stream plainly flowed 
toward the west—that is, toward the reader; at d’, toward the east; and the 
Connecticut has cut across this old oxbow, as indicated by the dotted lines. 

These old river beds are the exact equivalents of the present bed of 


Fort River—a stratified deposit of leaves, twigs, logs, and seeds in fine 
MON XXIX——47 
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whitish clay, abundantly pierced by the vertical pipestem concretions, espe- 
cially in its upper portion, where it grades into e, a thick stratum of loess, 
which is 10 feet thick over all the lower plain, and still thicker where it 
projects downward to fill the old river beds. It rises up the terrace scarp 
with a thickness of 3 feet, and is continuous over the upper plain with a 
thickness of 6 feet. This represents the accumulated deposits of the Con- 
necticut in flood time, laid down since Fort River abandoned its bed at 
dandd’. This stream now runs immediately adjacent, with its surface coin- 
cident with that of the Connecticut. When it occupied this old oxbow it 
flowed at a level 13 feet higher, and this represents certainly more than 
half of the amount by which the Connecticut has lowered its bed in the 
bottom of Hadley Lake since it shrunk to its present size. This would 
assign to the fossils found here an age about intermediate between those 
of the Champlain clays below and the present time, or somewhat nearer to 
the present flora than to the older; and the habits of the fossils themselves 
agree with this, and indicate a climate like that of northern Vermont or 
Canada. It is interesting that a fragment of charcoal from some light, open- 
erained wood was found in the midst of the matted leaves of the leaf bed 
and was certainly of the same age with them. It was about as large as a 
walnut. 
FOSSILS OF THE TERRACE PERIOD. 


VERTEBRATES. 


Mastodon americanus.—In 1872 Dr. Edward Hitchcock, jr., writes: ‘I 
have seen and identified a mastodon’s molar which was found in the town 
of Coleraine, Massachusetts. It was shoveled out of a muck bed on the 
farm of Elias Bardwell.”! The tooth is still in Mr. Bardwell’s possession. 


MOLLUSKS. 


In digging in a marl pit which has formed by the filling of a small 
pond on the surface of the till on the farm of Fred Conant, at East Shel- 
burne, large quantities of white fresh-water shells are at times thrown out. 
They are very well preserved, and consist.of the following species: 

Lymnea elodes Say.—Length, 30™". Common. 

Planorbis trivolvis Say.—Large diameter, 25™™; small Mitretot ehspanct 
Common. 


1Am, Jour. Sci., 3d series, Vol. III, p. 146. 
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Planorbis parvus Say.—Abundant. Diameter, 6.5 ™. 
Pisidium variabile Prime.—Abundant. Length, 2"; width, 25™™. 


PLANTS. 


Ranunculus aquatilis L.—A single well-preserved plant. This and the 
following, with one exception, are from the old oxbow in Hadley, described 
on page 737. 

Acer saccharinum Wang.—Leaves. Rare. 

Prunus virginiana L.—Seeds very abundant; leaves abundant. “River 
banks. Common, especially northward” (Gray). 

Platanus occidentalis L.—Leaves, large branches, and balls found in 
ereat abundance. 

Matted masses several inches thick and many feet broad consist almost 
entirely of leaves, many of the largest size. Large branches, often very 
much flattened and still covered with the characteristic bark, occur fre- 
quently. 

In several cases delicate hollow globes of sand, like globes of lace or 
Chinese hollow ivory balls, have been formed by the penetration of the 
fine sand to the surface of the central ball, and its spreading in the regular 
interstices which surround each point of attachment of a seed, where the 
grains have been slightly agglutinated and left as a globe of lace on the 
rotting of the seed ball. The extreme northern range of the species is 
Lake Champlain and Montreal.’ 

Juglans cinerea L.—Dwarf nuts, 14 to 12% inches long, § to § inch wide; 
less deeply sculptured than the form now common here. In one case nine 
specially prominent ridges are present. In another the ridges are more 
rounded, broad, and irregular than now. The species now extend south to 
Georgia, and north through Canada, but this dwarf form would seem to 
indicate a station near its south border. 

Carya amara, Nutt.—At the old oxbow occurred an impression of an 
exterior inclosing a cast of the interior of a single specimen in rusty clay. 
Also well-preserved nuts in abundance were given me by Dr. Edward 
Hitchcock, as found at extreme low water below the mouth of Fort River, 
opposite the fourth pile of McIndoes’s boom, counting from the north— 
rounded, thin-shelled nuts, averaging somewhat larger than nuts of the same 


1 Michaux, Sylva, vol. 6, p. 56. 
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species from Burlington, Vermont. Sizes: Burlington, 17.5 to 19™";. Con- — 
necticut. River, smallest, 19 to 20.5"™; largest, 22 to27™™. “Barely 1 inch 
(25.5™") long, thin walled” (Gray). ‘Northern boundary, Vermont” 
(Michaux). JI am informed that but a single tree of the species is now 
found in the county, and this upon the Hatfield Meadow. 

Quercus alba L.—A few well-preserved leaves. 

Quercus coccinea Wang., var. ambigua.—Leaves and abundant acorns in 
all stages of growth. ‘The gray oak appears, by my father’s notes, to be 
found farther north than any other species in America.” (Michaux, Sylva, 
vol. 1, p. 98.) 

‘Along the northern borders to Lake Champlain and northward.” 
(Gray, Manual, 1872, p. 434.) 

Fagus ferruginea Ait.—Next to the sycamore, the most abundant plant 
represented. Leaves of full size, large fragments of the wood and bark and 
nuts alike abundant, the latter very large and surpassing in size those now 
found in the vicinity. 

‘Common, especially northward.” (Gray’s Manual, p. 455.) 

‘Almost exclusively confined to the northeastern United States and to 
the provinces of Canada.” (Michaux, Sylva, vol. 5, p. 22.) 

Betula alba L.—Large branches with bark marked exactly as in the 
common white birch. 

Besides these many other indeterminate plants were studied—willow 
leaves, grape vines, grasses, liliaceze, lycopodium, lichens, various seeds, and 
even a flower. 


THE PLEISTOCENE BEETLES OF FORT RIVER, MASSACHUSETTS. 
By SAMUEL H. SCUDDER. 


The insects found by Prof. B. K. Emerson in the old bed of Fort 
River in Hadley, Massachusetts, near its entrance into the Connecticut, 
have no special interest beyond the fact that they are the first insects 
found in such deposits in New England. ‘They consist wholly of Coleop- 
tera, and represent five species and four families, viz: Carabidze, Dytiscidee, 
Elateridze, and Chrysomelidee, the latter having two species. At least three 
of the insects, perhaps all, belong to species not now known to exist, but 
so far as can be told with any certainty, all belong to existing genera, 
though some doubt may reasonably be claimed for the single species of 
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(The original drawings are by J. Henry Blake.) 


Fic. 1. Cymindis extorpescens; elytron §. 

. Corymbites zthiops (Herbst) ?; prothorax ¢. 

. Dytiscide sp., perhaps a Matus; metasternum ¢. 

The same; a portion further enlarged to show the surface sculpture 4°. 

. Donacia elongatula; elytron $. 

. Saxinis regularis; portion of the right elytron highly magnified to show the surface sculpture 4°. 
. The same; dorsal view of the beetle ¢. 
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Dytiscidee and one of the two species of Chrysomelide. This is rather 
surprising, but is what has been found to some degree in American Pleisto- 
cene deposits, the insects of which appear to show less close relations to 
their successors on the spot than is commonly the case in Europe, and in 
consequence relatively little light can be shed upon the climatic conditions 
of the time by their remains. In the present case the information is 
meager and gives no certain clue. The existing species most nearly allied 
to the Pleistocene Cymindis (Carabidz) occurs from Massachusetts to 
Florida, and is more common in the South than in the North; our single 
species of Matus (Dytiscidee) is found in Canada and in the Northern States 
from Massachusetts to Iowa, but also in Missouri and Florida;’ Corymbites 
ethiops (Elateride) occurs from Massachusetts to Pennsylvania and Ohio; 
the Donacia (Chrysomelids) most nearly allied to the fossil species 
described below appears to be one known from the Pleistocene of Italy; 
while the species of Saxinis (Chrysomelidz) most closely related to the 
Pleistocene form here figured is a northwestern species, coming from 
Vancouver, Oregon, and California, and also from Utah, Colorado, and 
Wyoming. It is plain, then, that a considerably larger assemblage of 
forms must be obtained to give any evidence of value. The following are 
the species found: 


Family CARABID. 
Cymindis extorpescens. 


Pl. XXIII, fig. 1. 


A single elytron, representing a species about as large as C. cribricollis 
Dej., but more nearly allied to C. elegans Lec. in the reduction of the inter- 
stitial punctures to a single row, seems to be entirely distinct from any of 
our species of that genus in the reduction of the strize to a series of short 
longitudinal dashes separated from one another by their own length, while 
the interstitial punctures are more lightly impressed, arranged in single 
straight rows, and separated by twice their own length. The elytron is 
piceous, with a very faint bluish reflection. 

Length of elytron, 6.85"; width, 2.5™. 


1For information on the distribution of American Coleoptera I always rely upon the ready and 
efficient aid of my friend, Mr. Samuel Henshaw, of Cambridge. 
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Family DYTISCIDZ. 
Dytiscide sp. 
PIQUA rips 


The metasternum of a species of Dytiscide is among the fragments 
obtained. It is nearly complete, and, of all with which I have been-able 
to compare it, most resembles that of Matus, particularly on account of the 
depth of the median groove, the form and relative abbreviation of the 
rounded intercoxal prolongations, and the shape of the coxe, and it agrees 
very well in size with our single species, M. bicarinatus. As, however, it is 
not nearly so long in proportion to its breadth as in that species, and nar- 
rows remarkably from behind forward, it hardly seems possible to refer it 
to that genus, and I find no other with which I can so well compare it. 
Instead, also, of being faintly and rather sparsely punctulate, as in MW. 
bicarinatus, the surface is feebly, longitudinally, and undulately striate, and 
of a dull piceous color. In the general form of the metasternum it more 
nearly resembles an Agabus. 

Length of metasternum, 3"™; breadth posteriorly, 5™". 


Family ELATERIDZ. 
Corymbites ethiops (Herbst)?. 


Pl. XXIII, fig. 2. 


The prothorax of an elaterid of a piceous color is referred here with 
some doubt. There are but two or three of our species which have a pro- 
thorax large enough to compare with it, but the size and general propor- 
tions, and especially the punctation of the surface, agree perfectly with 
C. ethiops. It differs from that, however, in the greater slenderness of the 
produced posterior outer angles, the sides are more strongly convex on the 
posterior half, and it is not narrowed to nearly the same extent anteriorly. 
This last point makes its reference here very doubtful, but until further 
remains are found it seems best to place it here with a mark of doubt. 

Length of prothorax along the median line, 5.35™"; greatest breadth, 
bebe 
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Family CHRYSOMELID &%. 
Tribe DonactInI. 


Donacia elongatula. 


Pl. X XIU, fig. 5. 


A single nearly perfect left elytron appears to represent a species not 
hitherto known, but apparently most nearly allied to D. lignitum Sord., from 
the Italian Pleistocene. It is somewhat more than three times as long as 
broad, tapering from the middle to the nontruncated apex, before which the 
outer margin is more strongly but very regularly curved, with no sudden 
change of direction. Besides the marginal groove, there are in the basal 
half ten parallel strize with delicate longitudinal punctures, but in passing 
from the base to the apex the two middle unite just before the middle to 
form a single stria, and just beyond the middle they are joined by the 
fourth from the inner margin. No others unite until shortly before the apex, 
when the third and fourth from the inner margin unite and terminate, and 
halfway from here to the apex all but the outer ones approach and termi- 
nate, the outer ones acting similarly at the very apex. The surface is shining 
piceous. 

Length of the fragment, 7.25"; probable length of elytron, 7.6™; 
breadth in middle, 2.2™". 


Tribe CLYTHRINI. 
Saxinis reguiaris. 
PESO UT ies. <6,-- 1. 


The most complete specimen found in these beds is a chrysomelid, 
with the last abdominal segment exposed and callous, which with its form 
indicates one of the Clythrini. It is slightly larger than and of a similar 
form with S. saucia Lec., though it differs decidedly from it in the details of 
the form and structure of the elytra. The prothorax is crushed and mis- 
shapen, so that nothing more can be said of it than that it differs from that 
of Saxinis in its lesser breadth, being decidedly narrower at base than the 
elytra, and on this account it is exceedingly doubtful if it should be placed 


746 GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


at all in that genus, or, in fact, in any other of the American Clythrini. 
The elytra differ from those of S. saucia mainly in having the abbreviated 
apex less rounded and more squarely truncate, the inner apical angle espe- 
cially being far more angulate; as there, both outer and sutural borders are 
delicately margined, and the general proportions of the elytra are much the 
same (in this respect resembling it rather than our other species of Saxinis), 
but they are a little and gradually narrowed on the apical half, while nearly 
equal in 8. saucia; besides the punctures which adjoin the outer margined 
border, the elytra have ten very straight and regular equidistant series of 
delicate punctures, which are short oval, those in each row separated from 
their neighbors by more than, usually about twice, their own length, and 
the general surface is sparsely covered with excessively delicate hairs 
scarcely longer than the punctures. The general color is a uniform shining 
piceous with a slight greenish, metallic tinge, the metallic green being 
decided in the punctures. The last abdominal segment shows a slight dull 
median ridge. 

Length of body, 8™™; of elytra, 6.5™™; breadth of base of prothorax, 
3.1™; of each elytron, 2.5 ™™. 


THE REPULSION OF TRIBUTARIES.! 


Oscar Peschel,? from his orographic studies, notes the tendency of a 
tributary to run a long distance near and nearly parallel to its primary. In 
all the tributaries which enter the Connecticut across the broad lake deposits 
between Mount Toby and Mount Holyoke this is very marked. They all 
run out through the old bordering bench (1s h) in deep gorges, then take a 
straight course down over the old lake bottom (1b t), following its slope, but 
when they reach the oldest terrace flat formed by the river in its oscillations 
after the shrinking of the lake, they bend abruptly south and continue as 
far as possible to run nearly parallel to the main stream, and when they 
enter the latter it is by a sudden bend at right angles. This will be clearly 
seen by an inspection of the map (Pl. XXXYV, in pocket), or of the North- 
ampton and Belchertown sheets. 

First, the brooks north of Sunderland village, on the east side of the 


! See Pl. XXXYV, in pocket at end of volume, 
2 Vergleichende Erdkunde, 1878, p. 141. 
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river, do not show the peculiarity, since the erosion terraces are there nar- 
row or wanting, but the five brooks south show it most clearly. Cushmans 
Brook (called Mill River on the new map) runs down west of Mount 
Warner. The next two brooks south do the same, and then Fort River, the 
last of the series, illustrates the rule in the most striking manner, and indeed 
formerly ran much farther south than now, parallel with the Connecticut, 
and entered the latter above Hockanum at the boat landing of the Mount 
Holyoke House. This has here plainly the following explanation: The 
water sank very suddenly in the lake, and the oldest position of the present 
river of which any trace remains was the eastern edge of the terrace system. 
On this sinking of the lake water the streams followed it by the shortest 
course, cutting gorges in their old deltas, and at one time each one joined 
the main stream at the point where it at present cuts the boundary between 
the lake bottom (1 bt) and the terrace system (t’+t*). As the Connecticut 
swung west and built up its terrace behind it the tributary elongated and 
kept its course across this newly formed terrace, and since this terrace flat 
or flood plain was built up as a series of bars which grew to be islands, 
behind each of which there is for a long time a long groeve opening south 
(see p. 726), the brook occupied this and entered the main stream round its 
south end, and at last this operation, many times repeated, gave the streams 
their present course. 

It was the observation and study of this law several years ago which 
caused me to doubt the then prevalent idea held by those most competent 
to judge, that the Connecticut Valley had been filled up to the height of its 
high terrace—the lake bench—and then excavated, and led me to map the 
terraces, as I have done, into (a) a high bench or string of deltas bordering 
the valley; (0) a succession of lake bottoms sloping from the above center- 
ward and broadening in each of the wider stretches of the valley, and (¢) a 
comparatively small area occupied by the “oscillation terraces” of the river 
proper—the ‘‘meadows.” 
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DUNES AND WIND LOESS.! 


President Hitchcock notes? the dunes in Montague and Hadley, and 
in the east part of Hadley south of the road, and their motion southeast- 
wardly.2 The lake bottom in Northfield is strikingly cut up by great dunes 
over the whole of the Beers plain, and farther south in Montague one can 
see where they have crept upon the west slopes of the islands which rose in 
the midst of the old delta of Millers River, the broad Montague plain. 

The low lake bottom in Hatfield, made up as it is of very fine sands, 
is also greatly affected by old dunes, and many of the scattered farm 
buildings are here built upon dunes, while a line of still moving sand drifts 
runs up through the center of the plain, and is indicated on the map. 

But the most remarkable exhibition of dunes in the valley is where 
the prevalent westerly winds strike the scarp which, on the east side of the 
river, separates the flood plain of the Connecticut from the lake bottom. 
This sharp, westward-facing scarp has been longest exposed to the winds, 
and is made up of very fine sands, and taking the eastern of the roads 
which runs from Sunderland to North Hadley, one crosses an almost con- 
tinuous line of great sand drifts until this road joins the next westerly one, 
and the line of dunes is continued southward, and along the west side of 
Mount Warner has pushed high up the side of the hill. Farther south the 
scarp is notched in many places by old or still active dunes, one of which 
is in sight on the south side of the road from Amherst to Northampton, 
just before it enters Hadley. 

Wind loess—All along the west slope of the Amherst ridge, especially 
opposite the lower openings in the ridge, as across the old cemetery or south 
of College Hill, a layer of fine unstratified loam or loess has been brought 
by the prevailing westerly winds from the broad lake bottom of fine sand 
which extends west from the bottom of the ridge. This layer is from 2 to 
24 feet thick, and extends over the whole ridge, resting on the shore sands 
and gravels, and higher up on the till, and extends for a long distance 
down over the east slope. I have traced it everywhere over the ridge in 
the network of cuttings for the gas and water pipes, the sewers, and the 


1 See Pl. XXXV, in pocket at end of volume. 
2 Geology of Massachusetts, p. 130; Jour. Boston Soc. Nat. Hist., Vol. I, p. 80. 
3 Geology of Massachusetts, Final Ropers, p. 326. 
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railroad, and found it present in every undisturbed opening. It was espe- 
cially well marked in the ditches dug across the Agricultural College farm 
in 1896 for laying water pipes. 


MINERAL SPRINGS. 


The noteworthy springs in the region may be classified as follows: 

1. Springs from the gneiss. In Shutesbury, just west of the village, is a 
spring which was discovered about 1808, and a hotel was built at the place, 
which is still called the Pool Tavern, although it has long been used as a 
private house and the well dug over the spring has caved in.’ 

More celebrated are the ‘Orient Springs,” in Pelham, so named by 
President Hitchcock. These springs rise on the strong transverse fault 
which crosses Pelham and Prescott. The large building built at the spring 
in 1861 was never a success, and it was burned in 1883. It is a quite 
strong sulphur spring. 

2. Springs from the mica-schist. The abundant pyrite in these schists 
has everywhere produced springs which are strongly mineralized. In 
Amherst, especially along the west of the ridge, where the schists come 
near the surface, many wells contain so much copperas that the waters 
blacken tea and curdle milk. 

In Hawley the Moody Spring, in the southwest part of the town, is 
said to possess strong medicinal properties and to be a specific for salt- 
rheum and other cutaneous diseases. A similar chalybeate spring in the 
southern part of Ashfield has a local reputation. 

The Mount Mineral Spring, Shutesbury, was known as a chalybeate 
spring as early as 1828.2, Thé Mount Mineral Spring Company was incor- 
porated in 1867. A fine hotel was sustained for some years, but burned in 
1876, and the property has since been abandoned. Appended is an analysis 
of the water, furnished me by the present owner of the property. It is a 
pure alkaline chalybeate water containing manganese in solution. 


1 Evert’s History of Connecticut Valley in Massachusetts, Vol. II, p. 758. 
2 K, Hitchcock, Am. Jour. Sci., 1st series, vol. 13, 1828, p. 217. 
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Analysis by S. Dana Hayes of water of Mount Mineral Spring; in one United States 
gallon of 231 cubie inches ; June 14, 1878. 


boone Grains. 
| Suilphi. po tea cee terserecksere ete te ate opanieet mene) -}ahn lois eter 1, 476 0. 868 
sil oMMGR Bae 8 8 obo cos eee bores ne ates eben Oneeep eobe 301 175 
Chlor, 50d atime mip aeey tomes ee i \ To Ee 3,360 | 1.949 | 
Bicarh) Sod ante waee eee eee se ern 2 ie Pies 1, 398 .811 
Bitarb slime scape sae eee ee eee SEL Se hag | 2,351 1. 364 
Carb. and crenate Obwnon cesses oes. c5-2 secs Scenes | 5, 537 3.108 
Carb, Mado eee mem fee cieletcleiomtre ole|=\nje ice nie 364 . 228 
Alwinina) Bisee ee aeietctoem ese Seistctee Se clee x daicte plod Satsecillee Soe | trace 
Silicic avidsimmokuionmeressaee te 4k essed c0 se Se ceteaiae | 701 .407 
Total sateen sh Selo knee nee chee | 15, 488 8. 905 
) 
zl 


3. Water of artesian wells in the Triassic. All the artesian wells dug 
in the valley have much saline matter in solution. I was informed by 
Prof. C. U. Shepard, as the result of his analysis of the water of the South 
Hadley well, that common salt was present in large amount, and the abun- 
dance of the salt pseudomorphs in the sandstones in which the well was 
bored indicates that this comes from the sea water entangled in the sand- 
stones at the time of their deposition. ‘The appended analysis of a sample 
from the more northern well shows that the water has nearly the constitution 
of a bittern. One United States gallon of water contained in solution 102.54 
grains of saline matter, which consisted of the substances named below. 


Analysis by Prof. C. A. Goessmann of one gallon of water from the artesian well at the 
Montague Paper Company’s mills at Turners Falls, Massachusetts; made at 
Amherst, November 2, 1874. 


Grains. 

Potassa: sas... ceases tee teal tte olan nea sis ee als. cna mine min a alee sam epee eel 0. 352 
SIE Pena ea So aS See bao 500 gues Head Pece no ree cenee Sh scicie Ske eee eee 2. 994 
Magnesia ..---------- ---- +--+ +--+ s+ 200 oor e eee ee eee ee eee eee eee eee 3. 690 
Lol 2 See Sass ea ale alate aie le eee ale oe ee rane le wie xc Bol Sm = <inla] vee eeteoeieterseete 36. 951 
OK Meee cbona sabes Sba258 OnQDer Go8e SeIsaES Stesnie fe Gja vere cian eee . 863 
Sulphuricvaci dates etaese eerie ere te o-oo a ee 58.191 
Silicon . << 2-e2becses cer see eeeala ere malo ate OF panacea cee soe oaSanSac trace 
MRO ES ales Beop Oro OO br UURS Qcoee ee SBecaoiede Bocas asa sAGG ance se 102. 541 
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4. Springs of the glacial lakes in the uplands.—Springs rising from the 
base of the heavy sands of glacial lakes in the uplands rest on the till, and 
those from the base of similar sands of the Connecticut Lake rest on the 
Champlain clays. These are hardly to be called mineral springs. The 
former furnish the sources of many of our mountain brooks. The latter, 
lying nearer the villages, are better known. Of these are the slightly 
chalybeate spring at South Hadley Falls, the fine, strong spring which 
gushes out of the bluff west of Hatfield village, and several issuing from 
the bluffs that surround Deerfield. In Springfield the Wesson Spring, 
which supplies the water of Court Square and a fountain at the corner of 
Willow and Stockbridge streets; the Walker Spring, at the corner of Maple 
and Stockbridge streets, and the Ingersoll Grove Spring, a hundred feet 
south of Dartmouth terrace, the water of which is sold largely in the city, 
are of this character. The rain waters which have fallen upon the surface 
of the high terrace on which the higher portion of the city is built sink 
through these sands to the horizontal and impervious surface of the clays 
beneath and emerge at the edge of the bluff. 

The Ingersoll Grove Spring was reported upon by the State board of 
health,* and the result of its analysis is given below (1) in connection with 
the analysis (JI) in the same pamphlet of the Massasoit Spring, described 
below. The Massasoit Spring is of ideal purity; the other gives plain indi- 
cation of the presence of the barn, sewer, and streets, which are reported in 
the immediate vicinity of the spring. 

Analyses of waters of Ingersoll Grove and Massasoit springs. 
[Parts in 100,000. ] 


| I. Ingersoll Grove. | II. Massasoit. 

Residue on evaporation--..-..:--.--.-.-- Bli0: || 5. 50 
Ammonia: 

VERO) Crates zeae ee aaa en ae . 000 000 

JNO G URE RWS OSL SR na ee eae ee 0008 000 
ICensrOl GChLOLINE sees een oe eis ine aoe eo 43 09 
Nitrogen as— - 

ONGLGT AG OSs asphalt Os oc in . 5000 . 0600 

INT GCILOS ae ee eee was eee . 0002 . 0001 
OMvireMi CONSUME, pu .as aliases ses =e yas . 0275 . 0160 
TRIG TUSIGST crates BAC] ee er Saye eae eee 2.73 2. 86 
Bacteria per cubic centimeter..-.-..-.-. 0 0 


1Examination of spring waters offered for sale in Massachusetts : Twenty-third Ann. Rept. 
State board of health, pub. doc. 34, 1891 (also separate publication), pp. 356, 362, 364. 
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The Massasoit Spring on the ‘Bear Hole” farm, in the western part of 
West Springfield, issues from the base of a very high bluff of sand that 
forms the east wall of the deep channel which the Black Brook has cut in 
the broad sand plain. The spring is said to show the uniform temperature 
of 45° F. throughout the year. An analysis by Prof. Charles Mayr, pub- 
lished in the pamphlet advertisement of the spring, is here given: 


Analysis of water of Massasoit Spring. 


. 
Grains in | Grains in 
1,000,000. 1 gallon. 

| | 
Sodium cGhlorirder(salineaes ss enc. -cloe 6 elo yee Bocce see cor 6. 0 | 0. 360 
Carbonaterorslimeresaeey a2 = 522.525 - 425. too taste eee 23.0 | 1. 380 
Carbonatesof magmesiare-es..)..--+-.-+.-- 25-254 -"=- ene 8.0 . 480 
Sulphatevon dimes xy sui) ste case = one <l-aa omieie eee 4.2 | . 252 
Sili@a, <2 See mer eee ee ees saotce es hae aes eee eee 4.0. | 9.240 
Organiclsubstancosme-er es] sects- 2 mcs ees - 2). t cree eee 12.0 . 720 
Potash, iron, alumina, phosphates, nitrates ..-........-.---- trace | trace 
Covi nl ARES 2200047 2.4 b4 doa. te eh eee | 57.2.| 3.432 


Although the spring was discovered only in 1886, very attractive 
buildings have been erected and it has become a well-known place of 
summer resort, and the water has been put on sale in Springfield for table 
use. The brook just to the west runs over the surface of the trap, which 
dips with great thickness beneath the sands from which the springs flow, 
but it is not probable that a deep-seated water coming up through the 
sandstone and trap would be so pure. It is probable that the waters 
come wholly from the sand itself, and that the exceptional purity comes 
from the fact that they have been filtered through a hundred feet of this 
sand. 


THICK MODERN FISSURE DEPOSITS OF QUARTZ SURROUNDING 
ROOTS IN THE BASE OF THE HOLYOKE TRAP SHEET. 


In 1891 a great block of the trap fell from the vertical wall at the point 
on the river above Titans Pier, where the trap contains limestone, and dis- 
_ closed a mass of translucent chalcedonic quartz nearly as large as a man’s 
head, which was pierced with tubular openings 0.5 to 1 ™™ in diameter and 
at least 4 inches in length, generally nearly but not rigidly parallel, and so 


FISSURE DEPOSITS OF QUARTZ. 153 


closely grouped that the separating walls of silica were quite thin or partly 
wanting. At times they were quite wide apart or in small groups. These 
tubes are lined with limonite and sometimes nearly filled with it. At times 
a separate cylinder or open tube of limonite is found free in the cavities. 
The limonite can not be wholly removed from the cavity, but impregnates 
the silica for a small but definite distance in from the surface of the cavity. 

The most striking circumstance is that the silica in one portion of the 
‘mass grades with imperceptible boundary into a mass of distinctly banded, 
siliceous, dove-colored limestone, or ankerite, as it oxidizes into a porous 
ocher. | 

It seems tolerably clear that the general explanation of this must be 
that a mass of rootlets penetrating a fissure of the trap became coated with 
limonite and that then a deposit of silica, at first impregnating the limonite 
there, went on to fill the whole fissure, while in part of the latter a mixture 
of calcite and silica completed the work. Where the delicate cylinders and 
tubes of limonite rest free in the cavity we may suppose that limonite was 
deposited within the bark of the rootlet, replacing or surrounding the 
shrunken pith. Indeed, a portion of this bark remained in the tube at one 


place and was in part removed and burned. 
MON XXIx——48 
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SUPPLEMENT TO THE AUTHOR’S MINERAL LEXICON OF 
FRANKLIN, HAMPSHIRE, AND HAMPDEN COUNTIES:! 


1895. Ausrrr. Blandford; Osborn’s soapstone quarry. 


Fire, fresh, white-translucent crystals an inch across. In flat plates from 
growth in fissures and large development of basal plane, which is deeply striate 
parallel to the intersection edges with the primary prism. 

Twinned by the pericline law and with few plates interposed according to 
the albite law. 

Forms present, } (010), ¢ (001), m 
2 (130), « (101), y (112), ¢ (021), p ( 


(110), 4. (450), 7 (130), € (150), I (110), v (450), 
111), 0 (111). (See p. 85.) 
1896. Aupite. Chester. 


At the adit of the new mine opened north of the road opposite the old 
Emery mine. The mineral occurs in perfect simple white crystals an inch 
in length. They inclose titanite and are coated with prochlorite. 
1892. AtuanitE. Belchertown. 


Cited from Belchertown. E.S. Dana. Sys. Min., p. 1058. 


1892. AnxeritE. Middlefield. 


E.S. Dana. Sys. Min. Localities, p. 1059. 
Doubtless from the steatite bed. All the specimens I have examined from 
these beds were dolomite. 


1892. AnrHOPHYLLITE. Blandford. 


E.8. Dana. Sys. Min., p. 1058. 
This is the brown actinolite from Osborn’s soapstone quarry. 


1892. ANTHOPHYLLITE. Chesterfield. 


E.S. Dana. Sys. Min., p. 1058. 

This is the hair-brown, coarsely fibrous mineral from the bluff above Burnell’s 
pond, which is identical with the cummingtonite or amphibole-anthophyllite 
occurring in Cummington, a little way farther north, in the Conway schists. 


' See Bull. U. 8. Geol. Survey No. 126, 1895. 
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1892. AnrHoPHYLLITE. Chesterfield. 


E. 8. Dana. Sys. Min. Localities, p. 1058. 

I have never found this mineral in Chesterfield, nor any of the minerals with 
which it is associated; nor do I recall any other citation of the mineral from 
this town. I suppose it to be the brown cummingtonite from the bluffs west of 
Burnell’s pond. 


1858. ANTHOPHYLLITE. Enfield. 


Specimens labeled “anthophyllite gneiss” in the State collection. 

BE. Hitchcock, Nos.96,97, under gneiss. Cat. State Col. Mass. Agr. Rept., p. 15. 

A dark-brown, bladed mineral. The powdered fragments all extinguish lon- 
gitudinally, as if it were a rhombic mineral. 


1895. Anruracite. Holyoke. 


In Chicopee shale of Triassic age below the Holyoke dam. In thick masses 
coating siderite. It has rounded surfaces, showing that it was introduced into 
the fissure as a bitumen. It is in very brittle layers, which give a yellow flame 
for an instant and then glow without further flame. (See p. 370.) 


1895. Apatite. Blandford. 


_ Occurs in the Osborn soapstone quarry, in rich, deep oil-green crystals an 
inch long, intercrystallized with chlorite. (See p. 85.) 


1895. Apatite. Chester. 
Crystals 1 to 3™™ in length occur on and in the diaspore. (See p. 143.) 


1895. Araconrtr. Chester. 


A beautiful fibrous satin spar occurs in the serpentine at the old mine, in 
sheets a foot square and 14 inches thick. (See p. 143.) 


1895. Barite. Holyoke. 


Cavities 4 inches long and one-third inch wide and an inch deep, with rec- 
tangular ends or ends beveled like barite crystals, occur in the Chicopee shale 
below the Holyoke dam. (See p. 370.) 


1892. Bastirz. Westfield. 


E.S.Dana. Sys. Min. Localities, p.1060. Cited as Schiller Spar (Diallage). 
This is a bastite derived from enstatite, from Munns Brook. 


1818. Beryt. Emerald. Chesterfield, Goshen, Northampton. 


Chesterfield furnishes them in great abundance, from the weight of an ounce, 
or less, to six pounds. Hexagonal prisms; diameter sometimes twelve inches; 
. light green (Waterhouse). Northampton and Goshen (Hunt). All coarse 
granitic beryl. 
Samuel L. Mitchill. Phillips Mineralogy, with additions on American Min- 
erals. 
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1892. Berynt. Russell, Warwick. 
E.S. Dana. Sys. Min. Localities, p. 1059. 


1841. Caucrrp. Iceland Spar. Wales. 
In gneiss. E. Hitchcock. Final Rept. Geol. Mass., p. 638. 


1897. Cerusite. Hatfield. 
At the lead mine the mineral occurs in small globular forms, with drusy 
surfaces, and some of the globules are hollow. 
1896. Curnocutor. Blandford. 


Broad encrusting masses, 3 inches thick, of a uniaxial chlorite, which is 
granular at the base but grows coarser upward, and grades into stout erystals 
one-half inch across, which project freely from the surface. From the Bland-- 
ford soapstone quarry, formerly Osborn’s quarry. (See p. 85.) 


1896. Corunpum. Emery. Middlefield. 


Found one-half mile north of the soapstone quarry at C. Smiths’s. Traced 
north from bowlders by Dr. H. 8S. Lucas. Shows quite large veins of blue 
corundum. (Seep. 8l:) Springfield Republican, December 12, 1896. 


1897. Corunpum. Pelham. 


Crystals with perfect polished O face. Heating developed O cleavage. 
Others with polished prism faces deeply fluted horizontally by the oscillation of 
the unit pyramid face. (See p. 47.) 


1853. CumminetonitE. Hornblende. Cummington. 


Fibrous, resembling anthophyllite; color, ash-gray; in mica-slate. 


Analyses of cummingtonite. 


Per cent. Per cent. 
SiQd oc sc ese ciatiowkipne saber see sete le be: eee ree 51. 09 50. 74 
APO? Otc) Wo ee dee eee ee ae a ata sas Stes tera ate ees trace .89 
BOQ): cciso. See aces Pee ee cnmeiae awe Seats aa a aoe - 95 33.14 
MgO tcc tise cleo boo etere severioste a2 hake teone sets 32. 07 10. 31 
MnO (2. acehee5 nan eee emeiee sea eles ale dele. 8 2A 10, 29 Sree 
0) 0 ee ea Se in nope Sane SaaS COM Earn as ice: 1.50 trace 
NaisOssp'c cle ot At te eet mene eects 15 5d 
KyO Gah 2th heen Cee ee mente. Sc eee ULACOwa enema cree 
NSP OR eG DASE SP REC aio na bbc se COOS ue o Hoa Gen Oe sae 3. 04 3. 04 
99. 69 100. 43 


J. L.Smnith and G. J. Brush, Reexamination of American minerals: Am. Jour. 
Sci., Ist series, Vol. XVI, 1829, p. 48. 
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1892. Cummineronitze. Amphibole-Anthophyllite, Iron-Magnesium, Amphi- 


bole. Cummington. Sp. gr. = 3.1 to 3.32. 
E. 8. Dana. Sys. Min., pp. 390,395. Cites above analyses. 


1895. Darouitz. Northampton. 

Delaney’s quarry, on railroad near north line of Holyoke, in Triassic diabase, 
Discovered by Rey. J. Prevost. In a crushed zone in the diabase embedded in 
calcite. Very fine crystals of most brilliant luster, the largest nearly a half 
inch across, and with the slightly green tint which is common in the Bergen 
crystals, but here a little more yellow than there. The forms are of a type new 
in the valley, resembling fig. 1, with the addition of the base, or fig. 4, page 503, 
of Dana’s Sys. Min., 1892, but with « and y greatly increased at the expense of m 
andm.,; cis alarge composite face. The forms present are w P (110), 4 P (112), 
O P (001), «@ P » (100), 2 P & (023), P & (011), 4 P (113), —P (111), 4 P w 
(102), —2 P 2 (121), —$ P & (102), 4 P & (013), wm P & (010), the last four small. 
Specimens in the Smith and Amherst College cabinets. (See p. 470.) 


1895. Daronite var. Borryotite. Greenfield. 
At Cheapside, in a new road cut through the trap; in white globular masses 
in steam holes in red trap. (See p. 443.) 
1895. Enstatite. Granville. 
The mineral, in large, square, colorless prisms from the large bed at Downey’s 
(see p. 90), has been analyzed by Mr. W. F. Hillebrand, with the following result: 


Analysis of enstatite from Granville. 


| Per cent. 
SO a! wel Bien He Soa I CAS Sa ce | 54, 04 
AUTON cs messiah EAs a BUI Pict OS oe Pera a |e Oe none 
Ig(Olo okt Shee eb eee Neer Paseo COS Se EOE oe, ae canal aan aie rege See ae 52 
CHew Om estes COSC 5 eS Os fe cer tet le ee 14 
Oa Oey SeRGee Bas Sed Soon came OP aE Gre Bee ae Seren Sate et ea Teo 
We@ sack aSeatsboabce bth toh Joes RAR SORe AS a 54 es Seis BADE. Se eee oe 3. 90 
NNO) .6 Ve ss cs do act ASS eet Ca BE cen Phe ie prea ea a a 23 
Vin Opener nernunr. Crtae Semi. mae Seen es da bots Gockisn bleeds iadee a2. - 11 
CO), a geU SH ese tncde GAS ABH Oe EeSUB GUS Ease tier tet Stee ta ete tt eae none 
SIO) cide eebentgeeta GOUELE 5 SES oie a ORIn tS aCe cue ne eat none 
BYNO eos cher CORE Ge Rae OS Ge ROSE EMCO Re ae OND Smet A. 2, coke AS aa | none 
Wi). 2 send Ga gebe pedo SOOCes DACA BAeEls RECernG ORCS heen eG: a =a | 34, 40 
TR i) ocean Ses te See COG Oe ESOC SES eet ee ae | 
Wii) aoe. Senge EOS oe el ae Sine Up DOPE as eit a | 08 
[tte ©) wastes dee ss lc: CSS NEO yO Seer Be one tes 5 Meh gh Sete |. 
181.) Insane TADS (8 SS ge Seb Baas to oroneese Bae ones Hoe Sess eee | 70 
136 (0) Mocirect VOOR AS as aed) eon hee tn he a Per a ae 3.07 
SFO) nae ene er Pee e haat okie, Uber oh aale oe sie ate els eben eas none 
Oe caccin SBA KROES SBC SE OEE ae rege ests ee a 1.32 

| 100. 02 


ef 
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1892. Enstatite. Westfield. 


E.S. Dana. Sys. Min. Localities, p. 1060. Cited as Scapolite. This is the 
enstatite, or the compact feldspar associated with it, from the serpentine locality 
on Munns Brook. (See p. 90.) 


1896. Errore. Huntington, on farm of W. L. Angell. 


In a fissure in gneiss associated with quartz, biotite, albite, and calcite. (Pen- 
field and Pirsson.) Lighter-colored crystals bent and broken. 

SiO, = 37.99. Al,O; = 29.59. FeO; = 5.67. FeO = 0.53. MnO = 0.21. 
CaO = 23.87. H,O=2.04. 2 sp. gr. 3.367. Contains minimum Fe. 

Faces: u(100), ¢(001), m(110), w(210), e(101), i(102), r(101), k(012), 0(011), 
n(111), g(221), y(211). Twins (100). Optical constants given. Double refrac- 
tion diminishes with the iron. HE. H. Forbes, Zeit. Krys. u. Min., Vol. XXVI, 
p. 138. 


1859. Fiprouite. Palmer. 


Cited as cyanite under mica-schist in catalogue of State collection, Nos. 216 
and 218. HE. Hitchcock. Sixth Ann. Rept. Dept. Agr., p. 14. This is the 
coarse fibrolite from bowlders which are in place in the schist area included in 
the Belchertown tonalite. (See p. 243.) 


1892. Gauena. Westhampton. 
H.S. Dana. Sys. Min. Localities, p. 1060. Not elsewhere cited. 


1892. Geprite. Orange; east of North Orange, on the west slope of Big 
Tully Mountain 


Wrongly cited from Warwick in Mineral Lexicon (Bull. U. S. Geol. Survey 
No. 126), p. 86. 


1892. Heu.anpite. Chester. 


Dana. Sys. Min. Localities, p. 1058. Cited as Stilbite. This is cited from 
E. Emmons, Mineral localities: Am. Jour. Sci., 1st series, Vol. VII, 1824, p. 254. 
Was recognized to be heulandite by Prof. C. U. Shepard from the specimens in 
Emmons’s cabinet. Boston Jour. Phil., Vol. III, p. 608. 


1896. Lazuuirz. Chittenden, Vermont. 


In quartz-muscovite rock. There is a specimen in the collection of Harvard 
University from the above locality, where it was found by Mr. C. H. Whittle. 
This is probably the locality from which the unique specimen found in Green- 
field came. See under Lazulite, in Bull. U. S. Geol. Survey No. 126. 


1895. OLIVINE var. VILLARSITE. Blandford. 


At the base of the upper (eastern) serpentine bed at the Osborn soapstone 
quarry, in lenticular remnants in the serpentine associated with some still 
unchanged olivine. (See p. 85.) 
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1896. ProcHuoriItTe. Chester. 


On albite in druses at adit north of road at old mine, in fine, large masses. 
(See p. 143.) 


1734. Pyrrre. Northampton? “Marcasites,” Pyrites. 


“Fragments of greenish sulphurous marcasite from Mount Tom and Eolyoke, 
each side Connecticut River.”—John Winthrop, F.R.S., Ex. Vol. XV, Journal 
Book of Royal Soc. Am. Jour. Sci., lst series, Vol. XLVII, 1844, p. 289, 


1892. Pyrouusirz. Williamsburg. 
E.S. Dana. Sys. Min. Localities, p. 1060. 


1897. Pyroxenz. Diopside. Bald Mountain, Shelburne Falls, Massachu- 
setts. 


‘In a dark, impure limestone. The crystals are themselves full of inclosed 
limestone and effervesce strongly. They are in stout prisms up to an inch anda 
half in length and a half inch across, greenish-white in color, strongly lustrous 
on the prism faces and glossy; color, pale green. They are nearly square 
prisms and recall the Canaan white pyroxenes. This mineral shows under the 
microscope the brilliant colors and the strong prismatic cleavage of pyroxene, 
and a basal parting with many interposed twin laminz. The extinction reaches 
33°, The specimen probably comes from a limestone bed of the Conway schist, 
which has been strongly and peculiarly metamorphosed by contact with granite. 


1888. Quarrz. Rose quartz. Blandford. 
Abundant by roadside near EK. H. Osburn’s. 


1892. Quartz. Amethyst. Greenfield. 


The cavities in the red diopside-diabase, described on page 443, from the cut 
through the trap ridge made for the electric railroad, contain small amethysts of 
great beauty, which are interpenetration twins of model-like perfection. The 
twinning plane is O (0001). ; 


1897. Ruoponirz. “Cunningham” (for Cummington. ) 


G. P. Merrill. Stones for building and decoration, p. 174. Cites Kunz, 
Min. Rec., 1887. 
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1895. Saut. Holyoke. 
Small cavities, which seem to be flattened and slightly distorted from the 
cubical form, occur below the Holyoke dam in the Triassic Chicopee shale. (See 
p. 370.) 


1895. SipEritz. Holyoke. 

In trench below Holyoke dam, on fissure surfaces of Chicopee shale of Tri- 
assic age; broad surfaces, coated with drusy crystallization, crystals one-fourth 
to one-half of an inch across, yellow-gray to warm reddish-yellow, with brilliant 
luster. Forms R, BR 2, in equal development, which makes the attached erys- 
tals simulate dodecahedrons, so that they can almost be taken for garnet. 
Followed by gypsum (?), barite, calcite, anthracite, pyrite. (See p. 370.) 


1879. SERPENTINE. Picrolite. Florida. 
Specimen in collection of Harvard University. 
Analysis by W. H. Melville. 


Analyses of serpentine. 


Per cent. | Per cent. 
SiO; . 342 Ree hoe a). ay 44, 29 44, 22 
Fe20 a Reel 
oC Lacs cath hit want A Da6 Be rae 
AD°Oy crs sedi ne eee eee etal od Dieu cl T chur! 2s eee ee a 
MgO 2.8 Sie IRN Ol ek wh A Ales: ces eee Sa 87. 54 37. 40 
ElcO (10015 saw eee Pte eek 4 (SLL es MA cape {86lodl e636 
HO (above W00paeemie treet Ce: od. ol ae 11.26 | 11.22 
: 100.52 | 100.11 
L 


M. E, Wadsworth, Proc. Boston Soc. Nat. His., Vol. XX, p. 286. (See p. 73.) 


1897. SeRPENTINE. Variety picrolite. 

Pelham; asbestos mine at the bottom of the large digging and in the midst 
of the unchanged olivine rock. <A thick seam of a leek-green columnar and 
polished serpentine, plainly produced by pressure and slipping. A thick layer 
of slickensided columnar serpentine. (See p. 47.) 


1825. Spopumenr. Vicinity of Deerfield. (Goshen or Chesterfield.) 


Light green, brittle, exfoliates with blowpipe. Yields prism of 100°; con- 
tains 8 per cent lithia. Found in a collection of minerals, but precise locality 
not known. George Bowen, Proc. Phil. Acad. Sci., Vol. III, p. 285. 


1825. SPoDUMENE. 
S. Robinson. Cat. Am. Min. Citation of above. 


1892. SpopumENE. Chester. 
E. S. Dana. Sys. Min. Localities, p. 1058. This citation depends on the 
doubtful report of the species in Chester, in small quantity in granite, by C. 
Dewey. Geology of Berkshire: Am. Jour. Sci., 1st series, Vol. VIII, 1824, p. 243. 
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1896. SpopumENE. Goshen. 
Mr. Alvan Barrus writes me as follows concerning the spodumene localities 
in the north part of Goshen, near Taylor’s mill, and at Mannings: 


New York parties have been at work on the spodumene matter for lithia for the past eight 
years, off andon. They had no difficulty in getting it into a solution, but had trouble in 
making the separation. They wrote me a few days ago that they had succeeded in doing it 
all right and would soon report results, for which I am still waiting. We find the spodumene 
in place at two points, as indicated on the map, one leading north and south and the other half 
a mile to the east, running east and west. There seems to be an abundance of it. 


1896. Tauc. Soapstone. Blandford. 

Reported from the north end of Blair’s pond. (S. A. Bartholemew.) Also as 
an inclosure in hornblende-schist on the road going north from North Bland- 
ford past Bartholemew’s quarry, 100 rods east of the road on the west side of 
Round Hill. 


1896. Trrantre. Chester. 


At the new adit north of the road at the old mine, in druses in and on albite, 
and covered by prochlorite; wine-yellow; common flat forms, often twinned; 
fine crystals, 3-6™™ long. (See p. 143.) 


1852. Tourmatine. Chesterfield. 


The colored tourmalines are rarely terminated. A fine crystal is figured 
having the faces o R 2, © R, O R, R, with the basal plane making nearly the 
whole termination of the crystal. C. U. Shepard. Treatise on Mineralogy, 
p. 220. 


1896. Tourmatine. Huntington. 


A mile north of Knightsville, at the 700-foot contour, on the east side of the 
river.—A. Barrus (private communication). 


1896. TourmatinE. Huntington. 


Beautiful flattened tourmalines occur in muscovite at the quarry in pegma- 
tite, near Knightsville. 


1896. Tourmauine. Dendritic Tourmaline. Northampton. 


In fissures in the fine-grained muscovite-biotite-granite from the village of 
Haydenville ; an exquisite, delicately traced dendritic growth of tourmaline. 
The surfaces of the fissures are perfectly flat, wholly fresh, and the rock for 1 or 
2 millimeters in is whiter from the absence of biotite, while the surface on which 
the dendrite is has also a slight excess of biotite in larger crystals than in the 
rest of the rock, and a few brown-red garnets. (See Pl. VII, p. 316.) 


1896. Zorstrz. Chesterfield. 


The locality is found by following the brook which enters East Branch a mile 
south of Bisbee mill, five-eights of a mile east, and then going 30 rods south 
into a spur of the hill marked 1455.—A. Barrus (private communication.) 
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CHRONOLOGICAL LIST OF PUBLICATIONS UPON THE MIN- 
ERALOGY AND GEOLOGY OF FRANKLIN, HAMPSHIRE, AND 
HAMPDEN COUNTIES. 


1734. Selections from an ancient catalogue of objects of natural history formed in 
New England more than one hundred years ago, by John Winthrop, F. R. 8. 
Journal Book of Royal Society, vol. 15, p. 451; Am. Jour. Sci., vol. 47, 1844, 
p. 282. The paper was copied from an ancient manuscript. (See under Clay- 
stones.) 

1796. J. Morse. The American universal geography, 3d ed., Boston, p. 410; copper 
ore, Leverett; black lead, Brimfield. 

1810. J. Morse. The American gazetteer, 2 vols., Boston. 

1810. B. Silliman. Particulars relative to the lead mine near Northampton (Mass.). 
Bruce’s Journal, vol. 1, p. 63. 

1811. William Meade, M.D. A description of several combinations of lead lately dis- 
covered at Northampton. Addressed to the editor. Bruce’s Journal, vol. 
1, p. 149. 

1815. E. Hitchcock. Southampton lead mine; Basaltick columns on Mount Holyoke. 
North American Review, vol. 1, p. 534. 

1816. Parker Cleaveland. Mineralogy and geology. Boston, 8°. 

1817. J. F. L. Hausmann. Kieselspath von Chesterfield, Mass. Gotting Gelehrte 
Anzeigen, p. 1401. 

1818. E. Hitchcock. Description of Turners Falls on Connecticut River; with sketch 
by Mrs. Hitchcock. Portfolio. Philadelphia. 

1818, E. Hitchcock. Remarks on the geology and mineralogy of a section of Massa- 
chusetts on Connecticut River, with a part of New Hampshire and Vermont; 
12 pages; dated October, 1817; map in 1st and 2d editions omitted in reprint; 
contains list of minerals. Am. Jour. Sci., 1st series, vol. 1, p. 105. 

1818. Samuel L. Mitchill. An elementary introduction to mineralogy, by William 
Phillips, with notes and additions on American minerals, by Samuel L. 
Mitchill, Professor of Mineralogy, etc., in the University of New York. 
Cyanite and beryl, from Hampshire County. 

1819. Amos Eaton. Account of the strata perforated by, and of the minerals found 
in, the great adit to the Southampton lead mine; 4 pages. Am. Jour. Sci., 
1st series, vol. 1, p. 136. 

1819. B. Silliman. Localities of minerals, etc.; ‘‘Molybdena is found in Shutesbury 
* * * on land of William Eaton;” 1 page. Ibid., p. 238. 
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1822. 


1822. 
1823. 
1823. 


1823. 
1824. 
1824, 
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. George Gibbs. On the tourmalines and other minerals found at Chesterfield 


and Goshen, Mass.; 6 pages. Am. Jour. Sci., 1st series, vol. 1, p. 346. 


. E. Hitchcock. Supplement to the remarks on geology, ete., of a section of 


Massachusetts; 3 pages. Ibid., p. 436. 


. Amos Eaton. Index to geology of Northern States. 12°. Troy, N. Y. 
. Chester Dewey. Localities of minerals; 3 pages. Am. Jour. Sci., 1st series, 


vol. 2, p. 236. 


. Stromeyer. Chemische Untersuchungen. Gottingen. Aalysis of Chesterfield 


albite, p. 307. 


. Dr. William Atwater. Extract of letter; Hill of serpentine in Westfield; 1 


page. Am. Jour. Sci., 1st series, vol. 3, p. 238. 


. Editor’s note. On fossil fish (Sunderland), with catalogue of specimens sent by 


K. Hitchcock; 2 pages. Am. Jour. Sci., 1st series, vol. 3, p. 365, 


. T. Dwight. Travels in New England and New York. 8°. Vol. 1, pp. 34-35. 
. Editor’s note. Micaceous iron; Northampton and Hawley. Am. Jour. Sci., 


1st series, vol. 4, p. 53. 


. Editor’s note. “This fluor spar is of a grass or emerald green, a rare color in 


this country; not found except near Northampton, by Dr. David Hunt.” Ibid., 
p. 188, 


. Prof. C. Dewey. Miscellaneous notices relating to American mineralogy and 


geology; Crystallized steatite in Middlefield; 3 pages. Ibid., p. 274. 


. Parker Cleaveland. An elementary treatise on mineralogy and geology; 2d 


edition; 2 vols. 


. Editor’s note. Miscellaneous notices on mineralogy; Adularia, Brimfield, Mass, 


(Prof. Amos Eaton). Am. Jour. Sci., 1st series, vol. 5, p. 41. 


. Prof. Amos Eaton. Geological and agricultural report of the region adjoining 


the Erie Canal (with profile of the rocks across Massachusetts from Boston 
to Northfield, by E. Hitchcock). 

Prof. C. Dewey. Notice of crystallized steatite (Middlefield); 1 page. Am. 
Jour. Sci., Ist series, vol. 5, p. 249. See Hampshirite in Mineral Lexicon, 
Bull. U. 8. Geol. Survey No. 126, p. 91. 

E. Hitchcock. Fluate of lime and neble agates in Deerfield. Ibid., p. 407. 

H. J. Brook. Cleavelandite. Annals of Philosophy, p. 381. 

EK. Hitchcock. A sketch of the geology, mineralogy, and scenery of the regions 
contiguous to the River Connecticut; with a geological map and drawings of 
organic remains, and occasional botanical notices. (Read before the Amer- 
ican Geological Society at their sitting, September 11,1822. Part I, 86 pages; 
section, Mount Toby, pl. 8; fossils, pl. 9; map, pl. 10.) Am. Jour. Sci., 1st 
series, vol. 6, p. 1. 

E. Hitchcock. Same. Part I, Simple minerals; 35 pages. Ibid., p. 201. 

KE. Hitchcock. Same. Part III, Scenery. Ibid., vol. 7, p.1. 

E. Hitchcock. Same. Part IV, Miscellanies; 1 plate. Ibid., p. 16. 

[The same published separately. New Haven. S. Converse, publisher, 1823. ] 
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1824, Anon. Hogtooth spar from Williamsburg. Hampshire Gazette, July 14. 

1824. Prof. Chester Dewey. A sketch of the geology and mineralogy of the western 
part of Massachusetts and a small part of the adjoining States; with geolog- 
ical map; 60 pages [contains many notes from Emmons]. Ibid., p. 1. 

1824, E. Emmons. Article on minerals of Chester, etc., in Lyceum of Nat. Hist. of 
Berkshire Medical Institute; published (?). See Am. Jour. Sci., 1st series, 
vol. 8, p. 32. 

1824. Dr. William Meade. Localities of minerals; Siliceous oxide of manganese, Ches- 
terfield. Ibid., p. 54. 

1824. Dr. Jacob Porter. Localities of minerals; Red oxide of titanium, Cummington; 

Sulphuret of molybdena, Chesterfield. Ibid., p. 58. 

1824. George T. Bowen. Analysis of spodumene from the vicinity of Conway, Mass. 
Jour. Acad, Nat. Sci., Phila., vol. 3, p. 284; Am. Jour. Sci., Ist series, vol. 8, 
p. 121. 

1824. J. Porter. Localities of minerals; 1 page. Am. Jour. Sci., 1st series, vol. 8, 
p. 233. 

1824. C. U. Shepard. Localities of minerals; Pelham, etc. [First notice of Shay’s 
flint.] Ibid., p. 235. 

1824, Prof. Chester Dewey. Additional remarks on the geology of a part of Mas- 
sachusetts, etc.; 5 pages. [First notice of spodumene, before called white 
augite.| Ibid., p. 240. 

1824. E. Emmons. Notice of the granite veins and beds in Chester; 3 pages, 1 plate. 
Ibid., p. 250. 

1824. Professor Dewey. Additional notice of argentine [in Williamsburg]. Ibid., 
p. 248. 

1824. ©. U. Shepard. Green feldspar associated with sappare and siliceous oxide of 
manganese, in Chesterfield. Ibid., p. 251. 

1824. Jacob Porter. Localities of minerals. Ibid., p. 252. 

1824. Dr. Eben Emmons. Miscellaneous localities. Ibid., p. 254. 

1825. 8S. Robinson, M. D. Catalogue of American minerals, with their localities, 
Boston, 8°. 

1825. E. Hitchcock. Notice of several localities of minerals in Massachusetts; spodu- 
mene corrected; pyrophysalitein Goshen; 3 pages. Am. Jour. Sci., 1st series, 
vol. 9, p. 20. 

1825. C. U. Shepard. Localities of minerals. Ibid., p. 47. 

1825. J. Porter. Localities of minerals. Ibid., p. 54. 

1825. A.O. Hubbard. Remarks on the lead veins of Massachusetts and Since lakes ; 
2 pages. Ibid., p. 166. 

1825. B. Silliman. Notice of a mineral supposed to be phosphate of lime from Wil- 
liamsburg and of the localities of several other minerals. Ibid., p. 174. 

1825. J. W. Webster. Determination of chlorophzite from Turners Falls, from speci- 
mens sent by Dr. E. Hitchcock. Boston Jour. of Phil. and Arts, vol. 2, p. 610. 

1825, E. Hitchcock. Mineral localities. Ibid., p. 610. 


1825 


1825 


1825 


1825 
1825 
1825 


LIST OF PUBLICATIONS. : 765 


. C. U. Shepard. Mineral localities, with description of anthophyllite (—actino- 
lite), iolite (=beryl). Boston Jour. of Phil. and Arts, vol. 2, p. 395. 

. C. U.Shepard. Mineral localities, with description of spodumene, beryl, schiller- 
spar, heulandite, hematite, anthophyllite, and zoisite from the Berkshire 
Hills. Ibid., p. 607. 

. EK. Hitchcock. Geological sketch of the country on the Connecticut River; 
map and engravings. Noticed. Am. Jour. Sci., vol. 9, p. 179. 

. KE. Hitchcock. Topaz? (in Goshen); 1 page. Ibid., p. 180. 

. C. U. Shepard. Localities of minerals. Ibid., p. 248. 

. K. Mohs. Mineralogy. English edition; W. Haidinger, Edinburgh. Cites 
American localities fully. 


1825. E. Emmons. Carbonate of manganese, Cummington, Mass. Am. Jour. Sci., 1st 


series, vol. 9, p. 249. 


1825. Emerson Davis. Localities of minerals (West Springfield). Ibid., p. 252. 
1826. E. Emmons. Localities of minerals (Chester and vicinity). Ibid., vol. 10, p. 11. 


. Simeon Colton. Localities of minerals (Monson and vicinity). Ibid., p. 12. 

. J. Porter. Localities of minerals (Plainfield and vicinity); correction of 
Dwight’s Travels; house on Round Hill of soapstone from Middlefield, not 
Plainfield. Ibid., p. 18. 

. J. Finch. Memoir of the new or variegated sandstone of the United States. 
[First suggestion that the Connecticut River sandstone was the New Red.| 
Ibid., p. 209. 


1826. Emerson Davis. Notice of rocks and minerals in Westfield. Ibid., p. 213. 


1827 


1827 
1828 


1828 


1829 


1829 


. Prof. J. W. Webster. On chloropheite from Gill, Mass. Boston Jour. of Phil. 
and Arts, vol. 4. 

. EK. Hitcheock. Chloropheite (Gill). Am. Jour. Sci., 1st series, vol. 10, p. 393. 

. Anon. Tabular quartz at Palmer, Mass. The Chemist. and Meteorological 
Journal, John R. Cutting, editor, Amherst Mass., vol. 1, p. 78. 

. Report of the commissioners of the State of Massachusetts on the routes of 
canals from Boston Harbor to Connecticut and Hudson rivers. Letters from 
Prof. Edward Hitchcock and others, with geological details; 248 pages; large 
folding map. 8°. 

. Alanson Nash. Notices of the lead mines and veins of Hampshire County, 
Mass., and of the geology and mineralogy of that region; figures in text and 
engraved map; 33 pages. Am. Jour. Sci., 1st series, vol. 12, p. 238. 

. Jacob Porter. Localities of minerals. Ibid., p. 378. 

. E. Hitchcock. Miscellaneous notices of minerals, with geological remarks; 16 
pages. Am. Jour. Sci., Ist series, vol. 14, p. 215. 

. Editor’s note. Chesterfield tourmalines. ‘Mr. Clark designs to explore his 
locality and will be better prepared to furnish collectors of cabinets who may 
visit him.” Ibid., p. 400. 

. Editor’s notice. Analysis of tourmaline (green, Chesterfield), by Gmelin. Ibid., 
vol. 15, p. 389. 

. E. Hitchcock. Tin at Goshen. Ibid., vol. 16, p. 188. 
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1829. 


1832. 


1832. 


1832. 


1833. 


1833. 


1835. 


1835. 


1835. 


1835. 


1835. 


1836. 


1836. 


1836. 


1836. 
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C. U. Shepard. Discovery of stanniferous columbite in Massachusetts (Chester- 
field); 8 pages. Am. Jour. Sci., 1st series, vol. 16, p. 218. 


. A History of Berkshire, Mass.; in two parts. By “Gentlemen in the county.” 


Pittsfield, Samuel W. Bush. 


. A. Eaton. All primitive general strata below eranular quartz are contempo- 


raneous and schistose; 2 pages. Am. Jour. Sci., Ist series, vol. 17, p. 334. 


. J. Porter. Localities of minerals. Ibid., vol. 20, p. 170. 
. John G. Hales. Plan of the town of Northampton, in the county of Hampshire, 


surveyed under direction of the selectmen, January, 1831. Pendleton’s 
Lithography, Boston. 

EK. Hitchcock. Report on the Geology of Massachusetts, examined under the 
direction of the Government of that State during the years 1830 and 1831; 
Part I, The economic geology of the State, with a geological map; 70 pages. 
Am. Jour. Sci., 1st series, vol. 22, p..1. 

Alfred Smith. On the water courses and the alluvial and rock formations of 
the Connecticut River Valley. Ibid., p. 204. 

E, Emmons. Manual of mineralogy and geology. 2d edition; Albany; 12°; 
299 pages. Am. Jour. Sci., lst series, vol. 24, p. 397. 

Editor’s note. Professor Hitchcock’s report of the geology of Massachusetts 
(chromate iron, Blandford; rotten stone, West Springfield). Ibid., p. 396. 

E. Hitchcock: Report on the geology, zoology, and botany of Massachusetts; 
692 pages; atlas, 19 plates. (See 1832 above.) 

C. U. Shepard. Microlite, a new mineral species; 2 pages. Am. Jour. Sci,, 
1st series, vol. 27, p. 361. 

C. U. Shepard. Treatise on mineralogy; (Part I, containing terminology and 
characteristics, 1832, 256 pages); Part I, in 2 vols., Description of species, 
1835; vol. 1, 300 pages; vol. 2, 331 pages; 12°; New Haven. 

EK. Hitchcock. Report on geology, etc.; 2d edition; 702 pages, 18 plates, 60 
cuts. (See 1833 above.) 

Editor’s note. Soapstone or steatite of Middlefield. Am. Jour. Sci., 1st series, 
vol, 27, p. 382. 

Kditor’s note. Uranite at Chesterfield, Mass., described by Professor Shepard. 
Thid., vol. 28, p. 382. 

HE, Hitchcock. Ornithichnology, or description of the footmarks of birds (ornith- 
ichnites) on New Red sandstone in Massachusetts; 34 pages, 3 plates. Ibid., 
vol. 29, p. 307. January, 1836. 

EK. Hitchcock. Controversy with Rev. Mr. Chapin, of Connecticut, on foot- 
marks. Knickerbocker, vol. 8, p. 289. September, 1836. 

J. H. Redfield. Fossil fishes of Connecticut and Massachusetts, with a notice 
of an undescribed genus. Annals of the Lyceum of Nat. Hist., N. Y., vol. 4, 
p. 35. 

Editor’s note. Albite of Chesterfield. Analysis by MM. Aug. Laurent and 
Ch. Holms. Am. Jour. Sci., 1st series, vol. 30, p. 381. 


1837, 


1837. 
1838. 


1838. 
1838. 
1839. 
1840, 
1841. 


1841. 


1841. 


1841. 


1841. 


1842. 


1842. 
1842. 


1842. 


1842. 
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BE. Hitcheock. Fossil footsteps in sandstone and graywacke; 3 pages. Am. 
Jour. Sci., 1st series, vol. 32, p. 174. 

©. U. Shepard. Chemical examination of microlite. Ibid., p. 338. 

J. W. Foster. New locality of iolite, with other minerals associated (Brimfield) ; 
2 pages. Ibid., vol. 33, p. 399. 

©. U. Shepard. Notice of a second locality of topaz in Connecticut, and of the 
phenakite in Massachusetts; 3 pages. Ibid., vol. 34, p. 329. 

BE. Hitchcock. Report on a reexamination of the economical geology of Mas- 
sachusetts; 139 pages; Boston, Dutton & Wentworth, State printers. 

Editor’s note. Solid impressions and casts of drops of rain. Am. Jour. Sci., 
1st series, vol. 37, p. 371. 

BE. Hitcheock. Elementary geology. Amherst. J. S. & C. Adams; 12°; 329 
pages. 

W. CG. Redfield. Short notices of American fossil fishes; 5 pages. Am. Jour. 
Sci., 1st series, vol. 41, p. 24. 

Mr. Teschemacher. On the occurrence of phosphate of uranium in the tourma- 
line in Chesterfield; abstract. Proc. Boston Soc. Nat. Hist., April, 1841, vol. 
Ty pot: 

RB. Hitchcock. Final report on the geology of Massachusetts; in four parts: 
1, Economical geology; 2, Scenographical geology; 3, Scientific geology; 
4, Elementary geology, with an appended catalogue of the minerals and 
rocks in the State collection; by E. Hitchcock, LL. D.; 4°; 831 pages, 55 
plates, geological map. 

H. D. Rogers, L. Vanuxem, R. C. Taylor, E. Emmons, T. A. Conrad. Report on 
the ornithichnites or footmarks of extinct birds in the New Red sandstone of 
Massachusetts and Connecticut, observed and described by Professor Hitch- 
cock, of Amherst. Am. Jour. Sci., October, 1841, 1st series, vol. 41, p. 165. 
The report of a committee appointed by the Association of American Geol- 
ogists to determine if the tracks described by Hitchcock were really tracks 
and not imitative forms: 
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p. 254. 


. James Deane. On the fossil footmarks of Turners Falls, Mass., with 2 plates; 6 


pages. Am. Jour. Sci., 1st series, vol. 46, p, 73. 


. A. A. Hayes. Reexamination of microlite and pyrochlore; 8 pages. Ibid., 


p. 158. 
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C.U.Shepard. Reply to notice of mineralogy with notice of microlite, goshenite, 


uranite. Ibid., p. 168. 
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J. Barratt. On fossil footmarks in the red sandstone of the Connecticut Valley. 
Proc. Assoc. Am. Geol. Nat., p. 23. 
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Who described the bird tracks? Controversy between Dr. Deane and Professor 
Hitchcock. Four-column article from life and character of Dr. Deane, of 
Greenfield, by Dr. Henry T. Bowditch. Springfield Republican, May 7, 
1859. 

BE. Hitchcock. A half-column letter of Mr. W. W. Draper, of Greenfield, who 
claims to be the first discoverer of footmarks. Ibid., May 21, 1859. 

E. Hitchcock. Reply to Mr. Bowditch and defense of claims to priority in dis- 
covery of footmarks. Four columns, Springfield Republican, May 14, 1859; 6 
pages; 8°, See Reminiscences of Amherst College, p. 388. 

B. Hitchcock. Catalogue of geological specimens in the State House; 69 pages, 
Appendix to Sixth Annual Report of the State Board of Agriculture. 

Roswell Field. Ornithichnites, or tracks resembling those of birds. Am. Jour. 
Sci., 2d series, vol. 29, p. 361. 

E. Hitchcock. Ilustrations-of surface geology. 155 pages, 14 plates; 4°; 2d 
edition, Amherst, J. S. & C. Adams; Ist edition in Smithsonian Contribu- 
tions, vol. 9, 1856. 

B. Hitcheock and C. H. Hitchcock. Elementary geology; 31st edition; rewrit- 
ten; 430 pages. 


774. 
1860. 
1860. 
1860. 
1860, 
1861. 
1861. 
1861. 
1861. 
1862, 
1862. 
1862. 


1862. 
1863. 


GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


Roswell Field. Note on reptilian nature of tracks. Proc. Boston Soc. Nat. 
Hist., vol. 7, p. 316. 

Roswell Field. Ornithichnites. Proc. Am. Assoc. Adv. Sci., vol. 13, p. 337, 

Henry F. Walling. Map of Hampshire County, Mass., based upon the trigo- 
nometrical survey of the State, the details from actual surveys; 240 rods to 
the inch. - 

E. Hitchcock. Geological map of Hampshire County (with above map). (I 
doubt if President Hitchcock prepared this map. See page 408.) 

J. Deane. Ichnographs from the sandstone of Connecticut River. Boston: 
Little, Brown & Co. 

E. Hitchcock, C. H. Hitchcock, etc. Report on geology of Vermont; 2 vols., 4°. 
(Connecticut River terraces, Bernardston, Shelburne Falls section.) 

E. Hitchcock. Remarks upon certain points in ichnology. Proc. Am. Assoc. 
Ady. Sci., vol. 14, p. 144. 

E. Hitchcock. Additional facts respecting the Clathropteris of Easthampton, 
Mass. Ibid., p. 158. ; 

J.D. Dana. Fossil larve in Connecticut River sandstone. Am. Jour. Sci., 2d 
series, vol..33, p. 451. 

G. J. Brush. On the occurrence of tryphyline at Norwich, Mass. Ibid., vol. 
34, p. 402. 

E. Hitchcock. Supplement to the ichnology of New England. Proc. Am. 
Acad. Arts and Sci., vol. 6, p. 85. 

E. Hitchcock. Postscript to above. Ibid., p. 104. 

E. Hitcheock. New facts and conclusions respecting the fossil footmarks in 
the Connecticut River Valley. Am. Jour. Sci., 2d series, vol. 36, p. 46. 


. E. Hitchcock. Reminiscences of Amherst College; 412 pages; 8°. Geological 


map of Amherst and vicinity. 


. ©. T. Jackson and Charles 8. Richardson. Manhan Silver-Lead Mining Com- 


pany, Hampshire County, Mass. * * * Geological surveys and reports, 
March, 1863. Boston: Alfred Mudge & Co., printers, 34 School street; with 
map. The copy in the library of Amherst College came from Dr. Jackson’s 
library, and has his notes in pencil. 


. ©. U. Shepard. Mineralogical notices; Tungsten in Chesterfield. Am. Jour. 


Sci., 2d series, vol. 37, p. 407. 


. C. T. Jackson. Discovery of emery in Chester, Mass. Proc. Boston Soc. Nat. 


Hist., vol. 10, p. 34. 


. Council of American Academy of Arts and Sciences. Obituary of President 


E. Hitchcock. Proc. Am. Acad. Arts and Sci., vol. 6, p. 291. 


. C. T. Jackson. Discovery of emery in Chester. Am. Jour. Sci., 2d series, vol. 


39, p. 87. 


. ©. U. Shepard. Mineralogical notices (Chester, Whately). Ibid., vol. 40, 


p. 112. : 
C. U. Shepard. Mineralogical notices (addition to Chester, Whately). Ibid., 
p. 123. 


1865. 
1865. 
1865. 
1866. 
1866. 
1866. 
1866. 
1866. 


1866. 
1866. 


1866. 


1866. 


1867. 


1867. 


1867. 
1867. 
1868. 
1868. 
1870. 


1870. 


1870. 


1870. 


LIST OF PUBLICATIONS. 775 


BE. Hitcheock and C. H. Hitchcock. Supplement to the ichnology of New 


CE le 


C. 


C. 


England; 96 pages, 20 plates; 4°. 
.U. Shepard. East Whately mine of yellow ocher and sienna; 8 pages; 12°; 
Amherst, Mass., January 18, 1865. 


.U. Shepard. A description of the emery mine of Chester, Hampden County, 


Mass., U.S. A.; 16 pages; London. 

U. Shepard. Scheeletine at Southampton lead mine. Am. Jour. Sci., 2d 
series, vol. 41, p. 215. 

. Pisani. Corundophilite of Shepard. Ibid., p. 394. (Analysis.) 


. Lawrence Smith. On the emery mine of Chester. Ibid., vol. 42, p. 83. 


T. Jackson. Analysis of some minerals from Chester. Ibid., p. 107. 


. U. Shepard. Mineralogical notices; Cotunnite in Southampton lead mine; 


Columbite, Northfield, Mass. Ibid., p. 246. 


.D. Dana. Corundophilite of C. U. Shepard. Ibid., p. 269. 


.U. Shepard. Note concerning the minerals of the emery mine of Chester. 
Ibid., p. 421. ; 

_T, Jackson. Chemical analyses of minerals associated with the emery of 
Chester. Proc. Boston Soe. Nat. Hist., vol. 10, p. 320. 


_H. Hitchcock. Description of a new reptilian bird from the Trias of Mas- 


sachusetts. Annals New York Lyceum, vol. 8, p. 301. (Tarsodactylus 
expansus.) 

_H. Leavitt. Facts about peat as an article of fuel (cites Hitchcock and Dr. 
H. N. Lucas’s experiments on mixing coal and peat). Private publication. 


.U. Shepard. On the supposed tadpole nests or imprints made by the Batra- 


choides nidificans (Hitchcock) in the red shale of the New Red sandstone of 
South Hadley. Am. Jour. Sci., 2d series, vol. 43, p. 99. 


. P. Cooke, jr. Clinochlore from Chester, Mass. Ibid., vol. 44, p. 206. 

_D. Dana. Note on the corundophilite of Chester. Ibid., pp. 258 and 283. 

. U. Shepard. Corundophilite (analysis by Eaton). Ibid., vol. 46, p. 256. 

.D. Dana. A system of mineralogy; Descriptive mineralogy. 

. H. Adams (a member of the class of 1870, Amherst College). Notice of 


asbestos and corundum with other minerals at Pelham. Am. Jour. Sci., 2d 
series, vol. 49, p. 271. 

D. Cope. On the Megadactylus polyzelus of Hitchcock ; abstract from memoir 
in Transactions of American Philosophical Society. Ibid., p. 390. 

U. Shepard. Mineralogical contributions (microlite, vermiculite). Ibid., vol. 
50, p. 91. 

H. Hitchcock. The geology of Vermont; 5 pages; 4°; privately printed as 
part of a proposed geological atlas, but without map. 


1871. J.D. Dana. Onthe Connecticut River Valley glacier. Am. Jour. Sci., 3d series, 


vol. 2, p. 233. 


1871. W. H. Niles. Peculiar phenomena observed in quarrying (Monson, Mass.). 


Proe. Boston Soc. Nat. Hist., vol. 14, p. 80; also separate publication. 


176 


Ish. 
1871. 


1871. 


1872, 


1873. 


1875. 


1875. 


1875. 


1876. 


1876. 


1876, 


GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


A. A. Julien. Analysis of cymatolite. Am. Chemist, vol. 1, p. 300. 

H. F. Walling and O. W. Grey. Official topographical atlas of Massachusetts. 
Stedman, Brown & Lyon, Boston. 

C. H. Hitchcock. “Geological description” and geological map of Massachu- 
setts, in above atlas, p.17. The map was so incorrectly colored by the pub- 
lishers that it was publicly repudiated by Professor Hitchcock at the Boston 
meeting of the American Association for the Advancement of Science. 

E. Hitchcock. Discovery of the tooth of a mastodon in Massachusetts (Cole- 
raine). Am. Jour. Sci., 3d series, vol. 3, p. 146. 

J.D. Dana. On rocks of the Helderberg era in the valley of the Connecticut, 
the kinds including staurolitic slate, hornblendic rocks, gneiss, mica-schist, 
etc., besides fossiliferous limestone. Ibid., vol. 6, p. 339. 


. J.D. Dana. Onthe Glacial and Champlain eras in New England. Ibid., vol. 5, 


p- 193, 


. J.D. Dana. Additional note to above. Ibid., p. 217. 
. W. H. Niles. Note on movements of rocks in Monson. Proce. Boston Soc. Nat. 


Hist., vol. 16, p. 41. 


. H. F. Walling. List of lakes, ponds, and reservoirs in Massachusetts. Appen- 


dix B, Report Massachusetts State Board of Health. 


. Adolph Knop. Studien tiber Stoffwandlungen in Mineralreiche. Leipzig. 


Serpentine, p. 50. 


. W. H. Niles. On some expansions, movements, and fractures of rocks observed 


at Monson, Mass. Proc. Am. Assoc. Adv. Sci., vol. 22, Part II B, p. 156. 


. E.S. Dana. Trap rocks of Connecticut Valley. Tbid., vol. 23, Part Tl B, p. 45; 


also Am. Jour. Sci., 3d series, vol. 8, p. 390. 


. G. W. Hawes. Trap cae of Gondecticnt Valley SE RE of Holyoke trap). 


Am. Jour. Sci., 3d series, vol. 9, p. 185. 


. J.D. Dana. On soueher New England during the merle of the great glacier ; 


No. 1, ibid., vol. 10, p. 168; No. 2, ibid., p. 280; No. 3, ibid., p. 353; Sup., 
ibid., p. 497. 

J. P. Cooke, jr. On two new varieties of vermiculites (pelhamite). Proc. Am. 
Acad. Arts Sci., vol. 10, p. 453. 

Report of the water commissioners of the town of Westfield on the construc- 
tion of the waterworks, including engineer’s (L. F. Root) report; 50 pages; 
Westfield, Mass. 

J. Hall, T. Sterry Hunt, Thomas Doane. Reports upon Hoosac Tunnel, with 
profile, in report of the corporators of the tunnel. House document No. 9, 
Mass. legislature. 

C. U. Shepard. Hermannolite, a new species of the columbium group. Am. 
Jour. Sci., 3d series, vol. 11, p. 140. 

J.D.Dana. On southern New England during the melting of the great glacier. 
Appendix Am. Jour. Sci., 3d series, vol. 12, p. 125. 

W.O. Crosby. Report on geological map of Massachusetts prepared for Cen- 
tennial Exposition; 52 pages; 8°; Boston. Map not published. 


1876. 
1876. 


1876. 


1876. 


1876. 
1876. 


1877. 


1877. 


1877. 
1877. 


1877. 


1877. 


1877. 


1878. 


1878. 
1879. 
1879. 
1879. 


1879. 
1879. 


1879. 


1879. 


1880. 


LIST OF PUBLICATIONS. CUE 


Review of above. Am. Jour. Sci., 3d series, vol. 12, p. 459. 

C. U. Shepard. Contributions to mineralogy (private publication.) Ambherst 
College, May 11; 5 pages. Chester and Pelham minerals. 

©. U. Shepard. Catalogue of minerals found within about 75 miles of Amherst 
College. Amherst College, May 20; 8 pages; private publication. 

W.H. Niles. The geological agency of lateral pressure exhibited by certain 
movements of rocks. Proc. Boston Soc. Nat. Hist., vol. 18, p. 272. 

©. H. Hitchcock. Lenticular hills of glacial drift. Ibid., vol. 19, p. 63. 

FE, Pisani. Notices minéralogiques (amesite, euchlorite). Comptes Rendus 
Acad. Sci. Paris, vol. 83, p. 166. : 

J.D. Dana. Note on the Helderberg formation of Bernardston. Am. Jour. 
Sci., 3d series, vol. 14, p. 379. 

J.S. Diller. Westfield during the Champlain period. Ibid., vol. 13, p. 262; see 
map. 

A. A. Julien. On aglaite. Eng. and Min. Journ., New York. 

©. U. Shepard. Contributions to mineralogy. Amherst; 8 pages; private pub- 
lication. 

C. H. Hitchcock. Note upon the Connecticut Valley Helderberg. Am. Jour. 
Sci., 3d series, vol. 13, p. 313. 

©. H. Hitchcock. The geology of New Hampshire, vol. 2; 428 pages; Con- 
cord, N. H. 

J.8. Diller. Geology of Westfield and vicinity. Westfield Times and News- 
Letter, vol. 36, February 21, 28; vol. 37, March 7, 14, 21, 28, September 19. 

I. CO. Russell. The physical history of the Triassic formation of New Jersey and 
the Connecticut Valley. Annals New York Acad. Sci., vol. 1, pp. 220-254; 
published separately. 

©. Doelter. Ueber Spodumen und Petalit. Teschermaks Min. Mit.,n.s., vol. 1, 
p. 517. 

A. A. Julien. On spodumene and its alterations, from the granite veins of 
Hampshire County, Mass. Annals New York Acad. Sci., vol. 1, p. 318; 1 
plate. 

Above reviewed. Am. Jour. Sci., 3d series, vol. 19, p. 237. 

A. A. Julien. Composition of cymatolite from Goshen. Ibid., vol. 17, p. 398. 

S. L. Penfield. Chemical composition of triphylite. Ibid., p. 226. 

H. F. Walling. Some indications of recent sensitiveness to unequal pressures 
in the earth’s crust. (Contour map of Mount Toby and Sugar Loaf.) Proc. 
Am. Assoc. Adv. Sci., vol. 27, p. 190. 

Majority and minority reports of committee on permanent protection of town 
from future floods, with report of Hiram F. Mills, civil engineer. Westfield, 
Mass.; 30 pages. 

Louis H. Everts. History of the Connecticut Vailey in Massachusetts. 2 vols; 
Philadelphia. Many geological notes under the town histories. 

G. J. Brush and E. S. Dana. Spodumene and the results of its alteration. Am. 
Jour. Sci., 3d series, vol. 20, p. 257. 


1883. 


1883. 


1883. 


1883. 


1884. 


1884. 


1885, 


1885 


1885 


GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


. C. H. Hitchcock. Geological map of the United States, with pamphlet; map 13 


by 8 feet. J. Bien, New York. 


. G. W. Hawes. On the mineralogical composition of the normal Mesozoic diabase 


upon the Atlantic border. Proc. U.S. Nat. Mus., vol. 4, p. 129. 


31. Chauncey Stephenson. Local geology, West Worthington. Hampshire Ga- 


zette, November 22, 1881. 


. Chauncey Stephenson. Local geology No. 2 (emery and iron), West Worthing- 


ton. Hampshire Gazette, November 29, 1881. 


. J.D. Dana. The flood of the Connecticut River Valley from the melting of the 


Quaternary glacier. Am. Jour. Sci., 3d series, vol. 23, pp. 87 and 179. 


. B. K. Emerson. The Deerfield dike and its minerals. Ibid., vol. 24, pp. 195, 


270, 349. 


. W. M. Davis. Triassic trap rocks of Massachusetts, Connecticut, and New 


Jersey. Ibid., p. 345. 


2. W. M. Davis. The structural value of the trap ridges of the Connecticut Val- 


ley. Proc. Boston Soc. Nat. Hist., vol. 22, p. 116. 


. Albert Williams, jr. Mineral resources of the United States, vol. 1. U.S. 


Geol. Survey. 


. G. F. Kunz. American gems and precious stones. Separate publication from 


above work. (Mineral resources, vol. 1.) 


. W. M. Davis. On the relation of the Triassic traps and sandstones of the east- 


ern United States. Bull. Mus. Comp. Zool. Harvard Coll., vol. 7 (Geol. 
Series 1), p. 251; 3 plates of sections. 


. R. P. Whitfield. Observations on the fossils of the metamorphic rocks of Ber- 


nardston, Mass. Am. Jour. Sci., 3d series, vol. 25, p. 368. 

G. H. Cook. Annual Report of the State Geologist of New Jersey for 1882. 
Trenton, N. J. 

J.D. Dana. . Review of above, including notes on “The origin of the Jura- 
Trias of eastern North America.” Am. Jour. Sci., 3d series, vol. 25, p. 383. 

J.D. Dana. Western discharge of the flooded Connecticut. Ibid., p. 440. 

J. D. Dana. Phenomena of the Glacial and Champlain periods about the 
mouth of the Connecticut Valley; that is, in the New Haven region. Ibid., 
vol. 26, p. 341. 

J.D. Dana. Drift and terraces. Papers on the Quaternary of New England, | 
from Am. Jour. Sci., 1871 to 1884, and Mem. Conn. Acad., 1870. (A small 
edition of the papers cited above, bound in a single volume.) 

M. E. Wadsworth. Lithological studies. Mem. Mus. Comp. Zool. Harvard Coll., 
vol. 11, p.1; 4°; 8 plates; serpentine, Westfield, Mass. (pl. 7, fig. 3). 

Albert Williams. jr. Mineral resources of the United States, vol.2. U.S. Geol. 
Survey. 
G. F. Kunz. Precious stones. Separate publication from above work (Mineral 

resources, Vol. 2). : . 

A.G. Dana. On the gahnite of Rowe, Mass. Am. Jour. Sci., 3d series, vol. 29, 

p. 455. 


LIST OF PUBLICATIONS. 779 


1885. G. P. Merrill. The collection of building and ornamental stones in the 
United States National Museum; a handbook and catalogue. Report Smith- 
sonian Institution, 1885-6, Part II, pp. 277-648; Plates I-IX. 

1885. Dwight Porter. Report on the water power of the region tributary to Long 
Island Sound. Tenth Census U.S., vol. 16. 

1886. A. Williams, jr. Mineral resources of the United States, vol. 3. U. S. Geol. 
Survey. 

1886. G. F. Kunz. Precious stones. Separate publication from above work (Mineral 
resources, vol. 3). 

1886. Chauncey Stephenson. The talcose slate ledge in western Hampshire (native 
gold on farm of Austin Geer, in West Worthington). Hampshire Gazette, 
February 22, 1886. ; 

1886. Samuel H. Scudder. The oldest known insect larva, Mormolucoides articulatus, 
from the Connecticut River rocks. Mem. Boston Soc. Nat. Hist., vol. 3, No. 13, 
p. 431; 4°. . 

1886. W.M. Davis. The structure of the Triassic formation of the Connecticut Valley. . 
Am. Jour. Sci., 3d series, vol. 32, p. 342. 

1886. E. S. Dana. Mineralogical notes; Columbite, Northfield; Diaspore, Chester. 
Ibid., p. 386. 

1886. David T. Day. Mineral resources of the United States for 1885; vol. 3. U.S. 
Geol. Survey. 

1886. Raphael Pumpelly. Mining industries of the United States; Corundum, mica, 
feldspar, quartz. Tenth Census U.S., vol. 15. 

1887. B. K. Emerson. .Preliminary notes on the succession of the crystalline rocks 
and their various degrees of metamorphism in the Connecticut River region 
(abstract). Proc. Am. Assoc. Adv. Sci., 35th meeting, Buffalo, p. 231; also 
Am. Jour. Sci., 3d series, vol. 32, pp. 323 and 324, 

1887. B. K. Emerson. The age and cause of the gorges cut through the trap ridges 
by the Connecticut and its tributaries; Prelim. Notes. Proc. Am. Assoc. 
Adv. Sci., p. 232. 

1887. B. K. Emerson. The Holyoke range of the Connecticut. Ibid., p. 233, 

1887. B. K. Emerson. The geology of Hampshire County. W. B. Gay, Syracuse, 
N. Y. Chapter II in Gazetteer of Hampshire County; also Am. Jour. Sci., 
3d series, vol. 32, p. 223. Section on the Glacial lake copied. Am. Jour, Sci., 
3d series, vol. 34, p. 404. 

1887. N.S. Shaler. Fluviatile swamps of New England. Ibid., vol. 33, p. 210. 

1887. J. D. Dana. Taconic rocks and stratigraphy, with a geological map of the 
Taconic region. Ibid., p. 393. 

1887. David T. Day. Mineral resources of the United States, vol. 4. U.S. Geol. 

. Survey. 

1887. G. F. Kunz. Precious stones. Separate publication from above work (Mineral 

resources, vol. 4). 


780 


1887. 


1888. 


1888. 


1888. 


1888. 


1890. 


GEOLOGY OF OLD HAMPSHIRE COUNTY. MASS. 


W.0O.Crosby. The elevated potholes near Shelburne Falls, Mass. Technology 
Quarterly, Boston, vol. 1, p. 36. 


_ J. D. Whitney. Names and places, studies in geological and topographical 


nomenclature (100 copies printed), p. 117. Sugar Loaf an ‘‘ Kddy-Peak,” of 
Triassic sandstone. 

J. D. Dana. On the crystalline limestone and the conformably associated 
Taconic and other schists of the Green Mountains region. A separate publica- 
tion of the author’s papers upon this subject dated 1873-1882, with separate 
title and preface. 

J. S. Newberry. Fauna and flora of the Trias of New Jersey and the Connec- 
ticut Valley. Trans. N. Y. Acad. Adv. Sci., vol. 6; Review, Am. Jour. Sci., 
3d series, vol. 36, p. 70. 

W. O. Crosby and Charles L. Brown. Gahnite from Rowe, Mass. Technology 
Quarterly, vol. 1, pp. 407, 408; also Am. Jour. Sci., 3d series, vol. 36, p. 157. 

John §. Newberry. Fossil fishes and fossil plants of New Jersey and the Con. 
necticut Valley. Mon. U. 8. Geol. Survey, vol. 14, 1888; 4°; 96 pages, 26 
plates. 


. O. Luedecke. Ueber Datholit. Zeitschrift fiir Naturwissenschaften, vol. 61, p. 


235. Halle. 


_ 1. CG. Russell. The Newark system. Am. Geol., vol. 3, p. 178. 
_ ©. H. Hitchcock. Recent progress in ichnology. Proc. Boston Soc. Nat. Hist., 


vol. 24, p. 117. 


_W. M. Davis. The structure of the Triassic formation of the Connecticut 


Valley. Seventh Ann. Rept. U. S. Geol. Survey, p. 461. 


_ W. M. Davis. Topographic development of the Triassic formation of the Con- 


necticut Valley. Am. Jour. Sci., 3d series, vol. 37, p. 423. 


_ W.-M. Davis and Chas. L. Whittle. The intrusive and extrusive Triassic trap 


sheets of the Connecticut Valley. Bull. Mus. Comp. Zool. Harvard Coll., vol. 
16, p. 99. 


. B.K.Emerson. Porphyritic and gneissoid granites in Massachusetts (abstract). 


Bull. Geol. Soc. Am., vol. 1, p. 599. 


_G. F. Kunz. Gems and precious stones of the United States. New York, 


Scientific Pub. Co. 


_B. K. Emerson. A description of the “‘Bernardston Series” of metamorphic 


Upper Devonian rocks. Am. Jour. Sci., 3d series, vol. 40, pp. 263 and 362; 
map and sections. Review in N. Y. Independent, December 4. 


_ BE. Nason and G. F. Varney. A Gazetteer of the State of Massachusetts. Boston. 


David T. Day. Mineral resources of the United States for 1888; yole6,. Un S. 
Geol. Survey. 

W. O. Crosby. The kaolin in Blandford, Mass.; 9 pages. Technology Quar- 
terly, vol. 3, p. 228. ; 

Samuel H. Scudder. The fossil insects of North America, with notes on some 
European species. 2 vols; 4°; illustrated. Macmillan & Co., New York. 


1891. 


1891. 


1891. 


1897. 


1892. 


1892. 


1892. 


- 1892. 


1892. 


1892. 


1892. 


1892. 


1892. 


1893. 


1894. 


1894. 


1895. 


1895. 


1895. 


1895. 
1895. 


LIST OF PUBLICATIONS. 781 


Jules Marcou. Biographical notice of Ebenezer Emmons. American Geologist, 
VO. Jape 

B. K. Emerson. On the Trias of Massachusetts, with map; 6 pages. Bull. 
Geol. Soc. Am., vol. 2, p. 451. 

G. P. Merrill. Rocks in building and decoration. New York: J. Wiley & 
Sons. 

H. §. Williams. Correlation papers. Devonian and Carboniferous. Bull. 80, 
U.S. Geol. Survey. 

B. K. Emerson: Proofs that the Holyoke and Deerfield trap sheets are con- 
temporaneous flows and not later intrusions. Am. Jour. Sci., 3d series, vol. 43, 
p. 146. 

R. 8S. Tarr. Central Massachusetts moraine. Ibid., p. 141. 

I. ©. Russell. Correlation papers. The Newark system. Bull. 85, U.S. Geol. 
Survey. 

O.R. Van Hise. Correlation papers; Archean and Algonkian. Bull. 86, U.S. 
Geol. Survey. . 

David T. Day. Mineral resources of the United States for 1889 and 1890; vol. 7. 
U.S. Geol. Survey. 

Lester F. Ward. The plant-bearing deposits of the American Trias. Bull. 
Geol. Soc. Am., vol. 3, p. 21. 

J.D. Dana. Additional observations on the Jura-Trias trap of the New Haven 
region. Am. Jour. Sci., 3d series, vol. 44, p, 165. 

M. M. Mitivier. New footprints from the Connecticut Valley. Proc. Am. Assoc. 
Adv. Sci. for 1891, p. 286. 

J. F. Kemp. Notes on a granite from Chester, Mass. [should be Becket]. 
Trans. N. Y. Acad. Sei., vol. 11, p. 129. 

OG. H. Hitchcock. The Green Mountains anticlinal. Science, vol. 20, p. 328. 

B.S. Lyman. Some New Red horizons. Proc. Am, Phil. Soc. Phila., vol. 33, 
p-192. Contains an extremely incorrect geological map of the Massachusetts 
Trias. 

R. Pumpelly, J. E. Wolff, and T. Nelson Dale. Geology of the Green Moun- 
tains in Massachusetts. Mon. U. S. Geol. Survey, vol. 23; 203 pp., 4°, 23 
plates. : 

©. H. Hitchcock. The Connecticut sandstone group. Sustaining the above 
name for the Triassic sandstones of the Atlantic coast. Science, n. s., vol. 1, 
p. 74. 

W. O. Crosby. Report on serpentinie or verd antique marble in Westfield. 
Cited in correspondence of Springfield Republican, Feb. 3, 1895. 

B. K. Emerson. Serpentine pseudomorphs after olivine, formerly called salt 
pseudomorphs (from Middlefield). Bull. Geol. Soc. Am., vol. 6, p. 473. 

B. K. Emerson. Calcite pseudomorphs after salt in Triassic shale. Ibid., p. 473. 

B. K. Emerson. Puckering of corundum crystals around allanite (from Pel- 
ham). Ibid., p. 47. 


782 


1895. 


1895. 


1895. 


1896. 


1896. 


1897. 


1897. 


1897. 
1897. 


1897 


GEOLOGY OF OLD HAMPSHIRE COUNTY, MASS. 


B. K. Emerson. The geology of Old Hampshire in Massachusetts. Abstract. 
Bull. Geol. Soc. Am., vol. 6, p. 473; American Geologist, vol. 16, p. 238. 

B. K. Emerson. The Archean and Cambrian rocks of the Green Mountain range 
in southern Massachusetts. Title, Proc. Am. Assoc. Adv. Sci., vol. 44, p. 
149; abstract, American Geologist, vol. 16, p. 247. 

Anon. Another vein of corundum discovered by a Chester man. Announces 
the discovery of corundum by Dr. H. 8. Lucas a mile east of Middlefield, and 
repeats the history of the original discovery at Chester. Springfield Repub- 
lican, December 12, 1895, 


. J. Volney Lewis. Corundum of the Appalachian crystalline belt. Trans, Am. 


Inst. Mining Eng., Atlanta meeting, October, 1895. 


. E. H. Forbes. On the epidote from Huntington, Mass., and the optical proper- 


ties of epidote. Am. Jour. Sci., 4th series, vol. 1, p. 26. 


. Dwight Porter. The flow of the Connecticut River. Science, n. s., vol. 3, p. 579. 
. ©. H. Hitchcock. The geology of New Hampshire. Jourial of Geology, vol. 


4, p. 44. Review of the report of the Second Geological Survey of New 
Hampshire, and statement of the changes in the classification of the rocks 
there made, dependent on later study of New England geology; with refer- 
ence to the Bernardston series, Leyden argillite, ete. 

New topographical atlas of Hampden County; 33 maps; J. Richards & Co., 
Main street, Springfield, Mass. 

The building stones of Pennsylvania. Appendix Ann. Rept. Pennsylvania 
State College. Reports building stones of Massachusetts. 

B. K. Emerson. Diabase pitchstone and mud inclosures of the Triassic trap of 
New England. Bull. Geol. Soc. Am., vol. 8, pp. 59-86, pls. 3-9. 

Gilbert H. Montague. Fossil bird-track discoveries in the Connecticut Valley. 
Springfield Republican, November 14, 1897. 

Anon. Further finds of tracks at Mount Tom. Ibid., November 15, 1897. 

William Orr, jr. Studies in local geology. 1. The trap ridges of Holyoke. 
Ibid., November 28, 1897. 

J.C. Rand. Minerals of Massachusetts. The Mineral Collector, vol. 4, p. 161 ff. 


U.S. GEOLOGICAL SURVEY. 


MONROE. ROW 


SCHIST. 


FLORIDA. 


ve 
Ry 
oY 


Sea L 


ROWE ; SCHIST. : SAVOY SCHIST. : HAWLEY 5S 


CHESTER AMPHIBOLITE. AMPHIBOLITE. 
SERPENTINE. 


brs HAWLEY,.- ~~. 
Pn 


~ 
Son, 
/ Sa 
= 
= 


7 I 
Hl. | 


Sea Levelay \ 
ROWE \\, SCHIST. . \ | HAWLEY ) SCHIST... i 
SCHIST: * 4 : ; \ \oA \ ” WHITE:-QNEISS. 
CHESTER ees | sod 
ecimatore \ t } AMPHIBOLITE. IN ‘AMPI 
| A ine 


. PLAINFIELD. 


WINDSOR. 


ROWE SCHi€T. } SCHIST. HAWLEY SCHIST. 


AMPHIBOLITE. GOSHEN SCHIST. ~~ “ 
AMPHIBOLITE: 

0 + 1 2 

s Sa Se el er es ae re 


(auf tac € CACe OiCanC c raltre © COC GICHE IC TAC : 
S c CCH Sane CoC ‘ ‘ CC MAGE CE nC 
Sica « . C¢ OC CHC) ae cuca 
fae fate fa Ke «6 CiCE IC f (< fale We it ¢ 
c CCUG IC CMGEG numCInC c eas ete as : 
ic CuCie cauc c feta (eq falar « Cece 
€ cc 
c is cc CAC CM CC CONC FCA arcs reo 
(ere Cac c fe CG icc c : 
‘ ‘i £ (@ i: (gre 
(4 eyes fe ts (fake ta (COV he ils c 5 3 
foi Ge % fe ie c fe (s yy TE Kans cs 
Cuicac (a yar, te CNC ICCRCACI CIC fate (@ fe {s (< (ale(e € 


a rk ~ 


MONOGRAPH XXIX. PL. XXIV. 


HEATH. 


GOSHEN 
SCHIST. 


HAWLEY SCHIST. 
WHITE GNEISS. 


AMPHIBOLITE. AMPHIBOLITE. 


GOSHEN SCHIST. 


OWE SCHIST. ; SAVOY SCHIST. 
CHESTER AMPHIBOLITE. 


ee 


v 
‘ 
‘ 
‘ 
‘ 
1 


HEATH. 


it. 


LEN Re 20 a iY aE LE hele A a Ad tee BS a SS 


GOSHEN SCHIST. CONWAY SCHIST. 


S. 
ny 


. ri 


ITE QNEIss. \." 
AMPHIBOLITE. 


; CHARLEMONT. SHELBURNE FALLS. 


5 a Ses CONWAY 
ae ™~ - 
ae sae SCHIST. 
= ae = Ht. 
a GOSHEN-SCHIST. ~~-CONWAY ~ -SCHIS ie ee AMPHIBOLITE: BECKET GNEISS. AMPHIBOLITE. 
mee oe eS ee ae a 
me, a“ _—— : ae Boe 
TE. es en oan) en ee Eg 
SS ee ree ees a ae Dee 
Lat aad =— = ae Se a sae 
\. poo ee re 
ee vega oe 
N Be 
os Seas Ean 
rs fae mat 
.< -—" TS oe a 


¥ ASHFIELD. 


CONWAY 


; 
; 
rs. 3 5 Miles 


pe 


IV ON GEOLOGIC MAP.. 


> awe 
hoe way 


wy 
Le. ay 
aa 4 


U.S. GEOLOGICAL SURVEY. 


WINDSOR. PLAINFIELD. 


Vv, 


| JORDANSVILLE. 


MILL BROOK. 


Sea 


HAWLEY ~Q@OSHEN 4 
SCHIST. SCHIST. : . 


ROWE CHESTER SAVOY SCHIST. 
SCHIST. AMPHIBOLITE. 


WORTHINGTON. 


WORTHINGTON CORNERS: 


Vi. 


Sea 


Rone SAVOY HAWLEY  . GOSHEN. CONWAY SCHIST. 
HIST. e's P 
chest eet, Canes SCHIST SCHIST. 
AMPHIBOLITE. 
MIDDLEFIELD. CHESTER. 


AMPHIBOLITE, 


VIE. SERPENTINE. 


N. CHESTER 
WESTFIELD. R. 


CHESTER SAVOY HAWLEY GOSHEN CONWAY 


AMPHIBOLITE. SCHIST. SCHIST. SCHIST. ; 
e 
us 
bi 
‘1 
CHESTER. ' 
‘ De 
Vili. 


AMPHIBOLITE, 


Sea 


ROWE CHESTER SAVOY 
SCHIST. AMPHIBOLITE. SCHIST. 


CONWAY 


MONOGRAPH XXIX. PL. XXV. 


ASHFIELD. 


fod 

i ; 

: CONWAY SCHIST. 
7) Yeats ao a 


~ GRANITE. 


‘., 


¢ 4 

4 2 

CHESTERFIELD. «0 ‘e 

4 Wad 5 

os 3 eh 5 

QNEISS. tae QNEISS.  & ,PEGMATITE. $ 


Vi. 


/} 
f 


SSS 
CONWAY GRANITE. 
SCHIST. j 


LIMESTONE. | HAWLEY SCHIST. 


AMPHIBOLITE. 


ERFIELD WESTHAMPTON. 


SCHIST. - LIMESTONE. LIMESTONE. GRANITE. 


}TINGTON. | WESTHAMPTON. 


GRANITE. CONWAY GRANITE. 
SCHIST. 


SCHIST. 


‘ 3 3 _> Miles 


‘VII ON GEOLOGIC MAP. 


9) > , rw] » Ying) me) eee Lb} ) 
> =H ey whee ee ie! >> ) ue) ) 
bie) > ee +2. >»? >> » me Li , > » » ) 
2 > pip el) ee) tee) ria) ) SIN 4 Pace) 
? ,97). >? a ee | pe | [> 2) dae oe ee d » ) , , 


ae : 


Phe pe 
CP atl 


“0 Oe yo SARE ees 


iP y4 v4 


Abe, aA 
71 Fates 
An. 4 Zz 
, . 


af : 7 
Par ap 


¥ 

rie geal = a ae 

meee ? ERS 
ATT Ber, if me ’ ies 


U.S. GEOLOGICAL SURVEY. 


BLANDFORD. 


1X. 


Sea Le 


ROWE SAVOY SCHIST. 
SCHIST. 


CHESTER AMPHIBOLITE. 


SCHIST. 


HOOSAC 


BLANDFORD. 


Sea Lev 


BECKET QGNEISS. HOOSAC BECKET GNEISS. HOOSAC SCHIST. 
SCHIST. J 
TOLLAND. 
\ 
~~ 
Sea 
BECKET GNEISS., BECKET GNEISS. 


WASHINGTON GNEISS. 


TOLLAND. 


Xl. 


Sea Le 


SCHIST. 


BECKET GNEISS. 


WASHINGTON GNEISS. HOOSAC 


CHESTER AMPHIBOLITE. 


CONWAY SCHIST. 


HOOSAC SCHIST. SAVOY SCHIST. HOOSAC SCHIST. / \ i # 
CHESTER AMPHIBOLITE. 


CHESTER AMPHIBOLITE. ae 


GRANVILLE. 


PEGMATITE. 


iu 


f 
f 


\ 


CHESTER AMPHIBOLIT 
SAVOY SCHIST. 


GRANVILLE. 


HOOSAC SCHIST. q 
* 
' 


’ 
t 


‘| MONOGRAPH XXIX. PL. XXVI. 


MONTGOMERY. SOUTHAMPTON. 


CONWAY SCHIST. MUSCOVITE GRANITE. SUGARLOAF ARKOSE. 


RUSSELL. WESTFIELD. 


y 


PEGMATITE. 


PEGMATITE. 
: : 


‘WESTFIELD R. 
)B. & A. R.R 


[, 


SAXONITE. IN ; 
CHESTER AMPHIBOLITE. CONWAY SCHIST. 


SUGARLOAF ARKOSE. 


- SOUTHWICK. 


PEGMATITE. 


XI. 


SUGARLOAF: ARKOSE. 


SCHIST. BECKET GNEISS. HOOSAC SCHIST. SAVOY SCHIST. 
SAXONITE. 
MUSCOVITE GRANITE. 


q | SOUTHWICK. 
| 
; 


Xl. 


\ \ we ase Se ae) TREES Se anna at hee 
WITE GRANITE. BECKET GNEISS. PEGMATITE SUGARLOAF ARKOSE. 2» LONGMEADOW 
| ' IN HOOSAC SCHIST. SANDSTONE. 
4 
7 
a ‘ Miles 
= 
rO Xil GEOLOGICAL MAP. 
™ 35 2 ee} ’ 7) 35 vy a 9d, > F 
x 
‘ bien be Se Ee ee re > 
“ETAL eee @ RARE e cy ony BR nani Ey mr 


. 
Bich 


Cn ee 


Selah 


eed 


U.S. GEOLOGICAL SURVEY. 


q 


HALIFAX. | GUILFOR} 


Xi. : ; - 
, (Sy ¢ : my : 


>, 


CONWAY SCHIST 
WITH LIMESTONE BANDS. 


Sea Level: 
AMPHIBOLITE. 


HALIFAX. GUILFORD. LEYDEN. 


XIV. 


Sea Level. 


CONWAY SCHIST AMPHIBOLITE. CONWAY SCHIST, WITH LIMESTONE BANDS. A 

WITH LIMESTONE BANDS. ] ai 

; t 
‘. 

- 

SHELBURNE. , GF 


XV. 


SHELBURNE FALLS. 


MONSON QNEISS. HAWLEY AMPHIBOLITE. QUARTZITE. 


AMPHIBOLITE. ‘ 
CONWAY WITH BANDS OF LIMESTONE. i 
‘ : 
§ 
fe 
Y 
a \- 
= 
CONWAY. = 
Gi * 
rr b 
oe 
XVI. e : 
ul  . 
f=) 


Sea Level: 


CONWAY SCHIST, AMPHIBOLITE.. QUARTZITE. 4 
WITH LIMESTONE BANDS. ; 


SECTIONS ALONG 


7 


MONOGRAPH XXIX. PL. XXVII. 


VERNON. 


SCHIST LEYDEN ARGILLITE. VERNON GQNEISS. 
INE BANDS. - F ( DEVONIAN.) 
BERNARDSTON. GILL. 


LEYDEN ARGILLITE. QUARTZITE. QUARTZITE. 
' LIMESTONE. ~ MICA SCHIST 
AMPHIBOLITE.' 


BERNARDSTON SERIES . 
(DEVONIAN) 


dt S 


QUARTZITE. 


MICA SCHIST AND 
AMPHIBOLITE. 


NFIELD. MONTAGUE. 


‘ 


i 
ui 
2 
x 
z 
z 
re) 
_oO 


SUGARLOAF DIABASE. MT. TOBY | BECKET GNEISS. 
“ARKOSE. i 
: LONGMEADOW SANDSTONE. See eee 


LEYDEN ARGILLITE. 
BERNARDSTON QUARTZITE. 


DEERFIELD. ) MONTAGUE. 


XVI. 


(CONN. RIVER. 


SUGARLOAF ARKOSE. DIABASE. VERNON GNEISS. BECKET QGNEISS. 


ey 
—+ “ 3 Miles 
——___—L f § 
4 
>XVI ON GEOLOGICAL MAP. 
pie Wiha) 
) mikey wimg, ) : 
: ee eh tas a eiee: {oer} ee hese ee 
3 g ; 3 belly 5) > 
: a m5 t ) ere: Ph. : f 
eh Pes: 52 5) js Non Soe a Om oe 
2 ; : Sees) 25) 32d) 99 i eden ove) 
> > 
- 
) 
yo a) rey ee : 
| > wie el IRIE! PaeY 1G 25503 
Ee oe) Seen ae wl > ; sue . 
: 4 2 we ) a ioe) 
2 Se yu ee Pe : 
2 eee > ‘ 2 : ee re ais 
Saee el eh ee > a : ee 
j } eR ike) See > 9339972? 
> »)»? 


U.S. GEOLOGICAL SURVEY. 


r : CONWAY SCHIST. 
XVI. eek , . 


4 OX. 2 
PALAT OORT 
Sea ere ss 


lee Ys sate 


LIMESTONE. 


WILLIAMSBURG. WHATELY. 


HIGH RIDGE, 


PEGMATITE. 


TONALITE. 
LIMESTONE. ' 


GRANITE. 


CONWAY SCHIST. AMPHIBOLITE. 


WILLIAMSBURG. 
fs 
XIX. 5 
ws 
PEGMATITE. F 
: q 


\\ 


CONWAY 
SCHIST. 


SECTIONS ALONG 


a MONOGRAPH XXIX. PL. XXVIII. 


uw ' > 
[oad ao 

é w SUNDERLAND. .. e LEVERETT. 

- > A - 

= @ HOLYOKE MT, & : 

3 hoe S DIABASE. 3 : & 

= y Sa « NY 

- 2 6 & { —-MT. TOBY CONGLOMERATE. 
= Bocie XVII. 


Sea Level. 


Ro. ‘ 


GRANITE. 


CONWAY SCHIST. \ BRIMFIELD SCHIST. GRANITE. ROWE BRIMFIELD 
P| a SCHIST. — gcHisT. 
x CHESTER AMPHIBOLITE. 
\ 
a 
* A 
4 ‘ 
XN 
an 
\ PA 
» \ 
4 \ 
ic % x 
, << 
\ AN 
) he, S ; 
n : * ri 
HATFIELD. a an Zz HADLEY... AMHERST. 
> \ < 
f¢ od 
Rey Se XVIIE. 
S = PEGMATITE. 7 


. a 


BRIMFIELD FIBROLITIC RUSTY SCHIST FULL OF PEGMATITE. 


in SUGARLOAF ARKOSE. 


SOUTH HADLEY. GRANBY. 


R, 
J MT. HOLYOKE 


‘a UL 


RANBY TUFF 
. H XIX. 


, i : SUQGARL' 
LOAF ARKOSE, \ SUGARLOAF pieenian 
BLACK ROCK MT. HOLYOKE aRKosE. ° ; 
: DIABASE. DIABASE. LONQ@MEADOW SANDSTONE. 
8 4 9 Miles 


~ 


)XIX ON GEOLOGICAL MAP. 


U.S. GEOLOGICAL SURVEY. 


SOUTHAMPTON. 


XX. 


paar aN 
raat Fc 
Sea Level. -U 


SUGARLOAF ARKOSE. 


WESTFIELD. WEST SPRINGFIELD. 
ex < re PROSPECT RepOeK 


ay 


SUGARLOAF ARKOSE. 


t 


WESTFIELD. WEST SPRINGFIELD. 


cs 7 ~_ 
= 
a 

<> DIABASE. ‘a 


\— 


SUGARLOAF ARKOSE. 


CRYSTALLINE SCHISTS. 


SUFFIELD, CONN. BUCK HILL. 
re fe 
= a 7 
XXII. ‘ DIABASE. < 
Sea Level =, eS 


SN 


0 1 
Sr ee i ere eee 


2 


a 


SECTIONS ALONG LINES 


SOUTH HADLEY. 


es 
(Ss 
oA 


LONGMEADOW SANDSTONE. 


CHICOPEE. 


CHICOPEE SHALE. z 


LONGMEADOW SANDSTONE. 


Bie SPRINGFIELD. 


2 
ea 
z 
2 
3 
ee 


sn 
ce 
Sx 


LONGMEADOW SANDSTONE. 


a 

J 

‘ 

= ENFIELD. 

] 

kt “e 
ICOPEE @& SHALE. <> 


EADOW SANDSTONE. 


| : f Iwse 5 Miles 
a : ——___j 


.XXIIl ON GEOLOGIC MAP. 


GRANBY. 


MONOGRAPH XXIX. PL. XXIX. 


nN 
pe 
Sex 


’ “1 
. MF “Pebep oe 
vine ASN Sr 


CRYSTALLINE SCHISTS. 


XX. 
a 
CRYSTALLINE SCHISTS. 
XXII. 
CRYSTALLINE 
SCHISTS. 
XX. 


pe | ? > 
Pi »? ) 
222s Se, 72°23 ‘ 2 AD, Bea oa) 
eae . 5) rea ie Ye | » > yea 
ane me 269 > oT ee ie) >>? > > »»> ») 
Sect ter) wi ) IEEE PPLE ele fy > 
> Teds Fe DD eae) ieee 
> «OM 5 > 
Sie TEED babe ee Pie) >> ee > 
RS vy ? pie: ? 742 5) ? > 
OL ei y) 6 en sae ? 
hp well eee by ey > > ey Tees ey. 
> 2D a 2 Pe Sipe 0 iy Tw ip 9 mn tery > > 


U.S. GEOLOGICAL SURVEY. 


NORTHFIELD. 


XXIV. 
Sea Le 


LEYDEN ARGILLITE. 


BERNARDSTON MICA SCHIST 
WITH HORNBLENDE BANDS. 


> 
c 
x55 


NORTHFIELD. 
(ve 
> 
x 
z 
XXV. e- SS ran 8 MT. TOBY CONG 
i\Sea Lew ay 


BECKET 


BERNARDSTON MICA SCHIST 
WITH HORNBLENDE BANDS. 


2 
r 
re 


XXXVI. 


\Sea__ 
Levels 


+ CONN. RIVER. 


} 


| MT. TOBY CONG. BECKET 
BERNARDSTON SERIES. 
LEVERETT. 
XXVIE. 
BECKET 


BAN wasn. mee 
AS. SRNODE “ 


'BERNARDSTON QUARTZITE.” | H 


Fe re WAR 
f Vv Vv 
Sauce eee 
- = 
& 5 
—"- y 
i | BECKET QRANITE. 
CONWAY SCHIST. Q@NEISS. BECKET 
ROWE SCHIST. 
re 
9 = 
y 8 WARWICK, 
% ow 
+ a > 
wa 
< 


GNEISS. 


ROWE SGHIST.! BECKET 
CHESTER AMPHIBOLITE. 
SAVOY SCHIST. 


BRUSH MT. SCHIST. 


ERVING. 
SAVOY SC 
QNEISS. co 
ROWE 
CHESTE! 
SHUTESBURY. 
A QC 
QHD sy 
82 ROWE 2 
) SCHIST. 


“= 


QNEISS. 


0 
[eat 


et 


MONOGRAPH XXIX. PL. XXX. 


| 


RICHMOND, N. H. 


XXIV. 


ROWE i SAVOY CONWAY SCHIST. ,amPpHiBOLITE. H | BECKET GNEISS, 


' EB CONWAY 
SCHIST.) SCHIST. Fc} CHEST SCHIST. 
i CHESTER! AMP : 
CHESTER AMPHIBOLITE. Bree aa eRCre AMPHIBOLITE: 
SAVOY SCHIST. SAVOY SCHIST. 
‘ 
ORANGE. 


n~ 
% ROWE SCHIST. 


x. 


' BECKET 
i QNEISS. 
CHESTER ‘AMPHIBOLITE. 


SCHIST. 


CHESTER AMPHIBOLITE. : gayoy ’ SCHIST. 


CONWAY 
’ SCHIST. 


ORANGE. 


ie ficid 


CONWAY SCHIST. 


Ee.) 


' 
i 
‘ 


BECKET QNEISS. 


"BECKET @NEISS. SAVOY SCHisT. 
NE SCHIST. a 
ITE. 


CONWAY BRIMFIELD Rowe ScHisT.; {| 
Pie acne ts SCHIST. SCHIST CHESTER AMPHIBOLITE. 
CHESTER AMPHIBOLITE. CHESTER AMPHIBOLITE. ARMED SGhen Ware 
ROWE SCHIST. AMPHIBOLITE, FIBROLITIC. 


s NEW SALEM. 
4 
< 
” 
= 
uw 
Zz 
Te a a MKVE. 
os hg / — 77 FA i one a See RAMPS SAT Ta He eT ae 
~-__- GONWAY SCHIST. SAVOY BECKET — GNEISS. BECKET GNEISS. E 
CHIST. Savoy SCHIST. SCHIST. SERPENTINE. 
AMPHOBOLITE, CHESTER AMPHIBOLITE. 
Piero 4+ 5 Miles 
XXVIII ON GEOLOGIC MAP. 
23 2 2 ieee ; Pen eter = ee! 
; aed ) ie ; jE RS Pie a, >»? 53 
> $9 > 252 SEES eee et lee) 
> ro , 


Sr Y ial i. a5 


hie ae 


€ 
ee 7 os 
Age hate 
Sete «ee 
Cpe 
« 


U.S. GEOLOGICAL SURVEY. 


LEVERETT. ; SHUTESBURY. 


XXVIII. PELHAM QUARTZITE. 


BECKET 
GNEISS. 


Sea Leve 
BECKET QGNEISS. 


AMHERST. PELHAM. 


XXIX. 


AMHERST SCHIST 
_ TONALITE 


Sea GLE 
SAVOY SCHIS 


CONWAY SAVOY PELHAM BECKET GNEISS. 
SCHIST. SCHIST. QUARTZITE. PELHAM QUARTZITE. 


AMHERST. PELHAM. 


XXX. 
AMHERST SCHIST 


Sea Level Wz 
CONWAY SCHIST. TONALITE. BECKET GNEISS. PELHAM 
QUARTZITE. PELHAM quar’ y4 


LUDLOW. 


XXXI. 


Sea Levelee EOIN 
SUGARLOAF SAVOY {BECKET QNEISS. 
ARKOSE. SCHIST. |! ROWE SCHIST. 


CHESTER AMPHIBOLITE. 


TONALITE. 


AMHERST GRANBY. 


eS 
2 

& ~ 

> 

a S 

SS 


XXXII. < GRANBY TUFF 


SUGARLOAF. 
HOLYOKE DIABASE 


SECTIONS ALONG XXVIII T 


MONOGRAPH XXIX. PL. XXXII. 


NEW SALEM. 


CONWAY SCHIST XXVIII. 


AVOY SCHIST. 


OLITE. CONWAY SCHIST. CHESTER’ AMPHIBOLITE. 
SAVOY SCHIST. 


GRANITE. i 


BECKET QNEISS. 


SAVOY SCHIST. 


PRESCOTT. KR GREENWICH. DANA. 
N 
GRANITE. = 
XXIX. 
ECKET ? SAVOY SAVOY CONWAY BECKET GNEISS. 
INEISS. : SCHIST. SCHIST. SCHIST. 
AMPHIBOLITE. } 
CONWAY SCHIST. 
ENFIELD. ; GREENWICH. 
XXX. 


CONWAY SAVOY H SCHIST. BECKET GNEISS, CHESTER AMPHIBOLITE, 
' 


AVOY SCHIST. CHESTER AMPHIBOLITE. 
SHIST. 


CHERTOWN. PALMER. 


BRIMFIELD SCHIST. 


GNEISS. SAVOY BRIMFIELD 


CONWAY SAVOY SCHIST. BECKET | | i pale 
SCHIST. CHESTER AMPHIBOLITE. CHESTER AMPHIBOLITE. ST ena 
ROWE SCHIST. | CONWAY SCHIST FIBROLITIC. 


BELCHERTOWN. 
- ; XXXII. 
is BECKET TONALITE. 
ROWE scuist. CNE!SS. DIABASE. 


‘XII ON GEOLOGICAL MAP. oe 


wees 


U.S. GEOLOGICAL SURVEY. 


LUDLOW. 


A XXXII. 


Sea Le 


SUGARLOAF 
ARKOSE. 


SPRINGFIELD. 


Cc XXXIV. 


Sea Level , NS 


SUGARLOAF ARKOSE. 


SPRINGFIELD. 


F XXXV. 
Sea Levé 


LONGMEADOW 
SANDSTONE. 


LONGMEADOW. 


ye ele 
Sea Lev 


LONGMEADOW SUGARLOAF 
SANDSTONE. ARKOSE. 


SUGARLOAF ARKOSE. 


BELCHERTOWN. 


TONALITE. 


WILBRAHAM. 


& 
S 
& 


MT. TOBY CONGLOMERATE. CONWAY CHESTER AMPHIBOLITE. 


Tees 
SCHIST. Voy SCHIST. 
WILBRAHAM. 
y GRANITE. 
& 


y 


MT. TOBY CONGLOMERATE. CONWAY SAVO 
SCHIST. 
CHESTER AMPHIBOLITE. 


SCHIST. 


HAMPDEN. 
cS 
S 
; /; 
/ 
MT. TOBY CONWAY SAVOY CHESTER 
CONGLOMERATE. SCHIST. SCHIST. AMPHIBOLITE. 
0 $ 1 


SECTIONS ALONG LINES XXII 


BECKET GNEIS 


i 


oii 


MONOGRAPH XXIX. PL. XXXII. 


WARE. 


XXXII 


CONWAY gavoy & Hist, BECKET TCHES 1cR | BECKET 


+ GRANITE, 
SCHIST. ieee GNEISS. AMPHIBOLITE/ QNEIss. BRIMFIEUD scnist. 
CHESTER AMPHIBOLITE. CONWAY SCHIST. HARDWICK QNEISS. 
ROWE SCHIST. : CHESTER AMPHIBOLITE. 
PALMER. . 


XXXIV. 


QNEISS. CHESTER AMPHIBOLITE. } CHESTER AMPHIBOLITE, GRANITE. 
} SAVOY SCHIST. ROWE SCHIST. CONWAY SCHIST. BRIMFIELD SCHIST. HARDWICK ° 
\ CONWAY SCHIST. GNEISS. 
¢ 
MONSON. BRIMFIELD. 


XXXV. 


CONWAY SA 


EISs. hy VOYISCHIST. DIABASE. BECKET GNEISS. : BRIMFIELD SCHIST. HARDWICK BRIMFIELD 
: + SCHIST. heh CHESTER QNEISS. SCHIST 
CHESTIER AMPHIBOLITE. } AMPHIBOLITE. 
savoy §cHisT. ROWE SCHIST. 
MONSON. WALES. 
XAXXKVE. 


HARDWICK BRIMFIELD 
QNEISS. SCHIST 


CHESTER 
AMPHIBOLITE. } 


CHESTER AMPH@BOLITE, 7 CHESTER AMPHIBOLITE. 
SAVOY SCHIST. SAVOY SCHIST. 


cONWway' SCHIST. ROWE SCHIST. 


BECKET GNEISS. 


BRIMFIELD SCHIST. 


5 Miles 


XXXVI ON GEOLOGICAL MAP. ee 


IF  U Boe a 


A. Page. 
Actinolite-quartzite, Pelham and Wilbraham ....... 45-47 
Actinolite-tremolite-gneiss, occurrence of ....--.--.- 46 
Adams, C. B., cited on Green Mountain gneiss .-..-..- 67 
AUC NOGEUINONGE! Ol os. ee ec os- sce os sae canals ane 754 
Albitic granite, occurrence and character of .....--. 323-331 
erushing of mimerals\im)|.o.2-s2-c<clestis-sesesne 329 
hydrothermal changes in veins of -- 329-330 
Albitic mica-schist, areas of....../.-.--2--------- -= 66-76 
hornblende hands Un... 2 sa. etiswceenectace aces 75 
Algonkian rocks, description of...-.-...--...---..-- 19-30 
FAUanute OCCUPTENCE) OL. no. -cins casa cate accisaecasae 754 
Allin, E. S., report on Chester emery .-.-...--------- 133 
Ames, James T., mineralogic work of .......-..-.-.- 6 
feport on Chester emery by .-.---------------+-.- 133 
Amherst, analyses of hornblende schist from -.-.-.- 221 
Conways cmsb ies ccce scdse stuaueate ss sees ce ne 222-225 
Amherst Ridge, terrace along........----..---.----- 644-649 
Ambherst schist, correlation of .........-.-...c2...--- 224 
PUNETAIAT gos oa sce so ose eee eakis onias cee cee 224-225 
Amphibolites, occurrence of.........---+..-.-----.-- 66-177 
GeRGEIPGONSIOL 5.2 scsilas2secacsees se tee ons shee 96-97 
WReSteTINGIOS scon.c Scclew scb eos oeie meee aeehete 147-155 
derivation from limestones...............-...--- 153, 154 
analyses and sections of ........ 167, 168, 195-196, 300-306 
WOU WAY SCDIS tie .asss ese ee senens ce aces qaee sce 189-196 
AWelibel\ teense seca meses SSepGenbe is 6 spose eSct 192-194 
Leverett and Amherst : 218-220 
AWitainiid Miteetstie <5 \o/jancin sans senauimetcieina sconce sacs 227-228 
Onan Rar eretetatersl class oiais sb Seta ate nia cle cle seinias aeike asin, 228 
FHGURMIOMpMIStA) Ofe 2s 2 aseutan seccteas steele sce 236-237 
DYLOROMIO ME ees a iiue satiwsisacieea cbaweue aie ei 243-246 
BETrrALASpOMRS eres), aed. ecscice bes 2= css enens Sacet 293-294 
porphyrdieeharacter Of~.----)-\-...2e ses scan aciscic 304 
Amygdaloidal sandstone, description of ............ 435-436 
Analyses, amphibolite -................. 167, 168, 195-196, 303 
aLdevineheeseses asec cacees -Ase- peretetttel a eter ay 140 
Gay stone sppeenteansecrer cite tna. aaseeuee een 717 
Coles Brook limestone. J3. 5.60 c<c0a0k cewnce--< 27 
COrblanditemetedee = ues sc.ceeninciniacuotcse.s sos 347 
Clovitiow mess aetet rae nent ekcec heen anicentccaa, 345 
OMOUY enero eeeiewsa iste oz = cisterns eles a -hoac-eice mac 125 
O18 5 tae RENE er ceaccorals ot sinialnin neers iam eocin gs 62 
QUALLS ree enee se sects iais)or2 ies ciscicine teiesma c - 387,316 
Hinsdale limestones m-s.<scec ses csue esos cnn 26 
hornblend@igchishame seek aaescaa Sea cesiaceencnis 221 
LIAM LO Vs eee eatmree eae cee sata = ats)ainisfafaretnstesosicis 140 
JimeStONGSPaemieec cease ses sawed ss sacuwec see 26, 27, 189 
Longmeadow sandstone. ............-.-c----.00- 369 
mineralisprin ge weaters eects aie = ceia.scis se alee 750-752 
Monson pneiasiesane owen cies ce cass cee se scanante 62 
pitchstonecsecrremas-ecetseeete tee ots neste acaces 437 
BANdSCONE = aeenaneonseetiecec cia ciccpekncceb erste cies 369 


Page. 

‘Amalys6s, Serpentine... ..<--<-csceceosaceunbe 84, 88, 116-117 
LOMGULORE aac =o « ciced2 sana «okies eee 336 

GL BOO Moet Nee ccarela)= genie wisiais)s ee a aoe eee a 464 
waters of mineral springs...-....-.-..-.-------- 750, 752 
PAMNGESING HUMAN SES «<= dae 20 ccoececatiense eeaeeeee 140 
ATKETIEO MOCCHLVENCE Of . > ss sceu ok aceeaeeecateone 754 
Anerohite, soubh Madlyy -... 22 scntsctoan eee se 485 
Anthophyllite, description of ..........--..220--.-- 52 
OUCMMTEN COLON ee = o/c) ~/5\x\-)uinia!a/<jni eu tain Seer 754-755 
AMGnRACibe, OCCUTTENCe Of ........25-.20e.ceeedeeen eee 755 
ADUGOTIVG-SOMPELMMOE <2 - -20--1 55 sekbe seecneenes ole 98 
Apawbeyocemmrence Of. ..........-2 ..sascsneebeenoseben 755 
Pip lithe OCeURTeNn ClO sss <<-...=4+-.asseseemesee aeons 331 
ATAvOMIteVOCCUPTENGS OF. -.s< 52552 clesceee eens eee 755 
AT mllthe description of <.<....-+-25s..0<-scssede dee 201-210 
CMAN DZ GENIN Sete oa os <t vinn <,-loniee wae cone eee 202 
Bernardston series ........----- 261-262 
MECAS) Olea os cone oles = hes 272-273 
pseudo-glacial strie on 531-532 
Artesian’ wells; records of.......2....2d:dc-2-ulscces 380-389 
Asbestiform anthophyllite .........--..2..2c22s.-00- 52 
Asbestos quarry at Pelham, description of.......... 47-54 
SUPA OS O Maw Al US Odh ctu, - wala iarei gio oh maldle ois eee Se ee eee 48, 49 
Ashfield Jake; deposits of ......-.:-..-c-cesssencenee 601-602 
Athol) eastern syncline-in... 2. 0sd2.2scedasses ec aace 234-236 
metamorphism of amphibolite at............-... 236-237 
biotite-muscovite-granite from .............-.--. 316-317 
SOO LOMMM geet ace amine sais sa's «eons see een see eres 572 

AO STES COUCH AGO Y: <- -c <c.c.ceneescmccaceeauenae 486 

B. 

Baritie /OCCURTCH CE OL. =... -\.¢ <= s sacietereesicnin os aan 755 
IBANDIO VOCOULPONCE; Ol vnsuso0 6 - <<. cee tameeune en 755 
Bastite-serpentine, occurrence of.........-......---. 98 
Batterson’s quarry, South Hadley, dike at.......... 489 
Bear River lake, deposits of ...... -2...5..252-..cene0 600-601 
Becket, conglomerate-gneiss at...........--.0..----- 31-38 
BUADIOL Nes LOM. << 2). see ne an te ee ese 36 
crushing tests of granite from 36-38 
Becket gneiss, contact with Washington gneiss..-.. 31-32 
Belchertown, contact zone in...-........---.-..--.-- 243-248 
section of schists near..........-...--s--cesseens 244 
record of artesian-well boring in........----.-.. 245 
descriptions of rocks from....-.-..-.-+-.s.s---- 246-248 
cortlandite at............ Sarees oogee eouness* 346-347 

CIDR Cg bos Wa eee ee ee nen A 481-482 
description of former Jake in 575-577 

MOC DLO ete sole sms \~ aiers a\= wo) 316) -)aielel baie wieheltele sia ae 670 
Belchertown tonalite, contact zone around.......--- 243-248 
Bernardston, table showing succession of rocks near. 258 
Upper Devonian fossils of...--.------.--.---..-- 259-260 
description of range from South Vernon to.-..-.-. 272-282 
Bernardston gneiss, Montague........-.........---- 362-363 


784 INDEX. 


Page. 
Bernardston series of Devonian rocks, discussion of. 253-300 
description of region of.--.-----2-.------------- 260-261 
relation to argillite..-.--....--:--.----.-..-.---- 261-262 
faltlt) iM Ws occ wies cine e seieele ate ete taitetecetete St seaeto 265 
limestone. of. .-.-.e ese cee ee ee eter aerate = 265-267 
magnetite bed in .-..-.--------.----------------- 267-268 
quartzite bed in...-..-------------------.------- 268-269 
mica-schist and hornblendic beds in. -... 270-271, 276-282 
feldspathic quartzite of.....-.----.---------.---- 282-283 
beds Of is.c-c.seecise c= sata ere aerate ta Peter eatere 285 
original character and metamorphism of---...-. 285-287 
petrographical description of -..-..------------- 287-295 
Beryl, occurrence of------.--.--< SEY Ia ere acre acrts 755-756 
Biotite-gneiss, description of..---.--..--.----- 44-45, 182-183 
Biotite-granite, Chesterfield .---7----------.----.--.- 318-322 
Biotite-muscovite-granite, occurrence and character 
Of ecco ee nue weenie mare eine tee siete aie els iarats ir 314-318 
Biotite-quartz-schist, Bernardston series-..-.------- 289-290 


Black Rock core, Mount Holyoke, description of .... 489-494 


contact with diabase (figured) 490 

Blandford, Hoosac schist in ......-------- peste Sate 73-10 | 
pyroxenite in....-..-.---------------------- aeS52 85-90 

Blandford, serpentines in.....--.-. 85-90, 102-104, 104-108, 111 
amphibolites at 96-97 
Savoy schist in 159 
description of biotite-gneiss from ......--------- 182-183 
GUKOS AN... soc: swe pree eee eaters ie eee stalals aiaiwlolels'aia 327 

Blue-quartz gneiss ....-.-..--------+---+------------- 28 | 

Bolton limestone, metamorphism of.-..-.....--.----- 155 

Boston and Albany Railroad, section along. -...----- 71-72 

Bowlders, description of -- 559-561 

Bowlder trains --....--...-.2----ceneenesnne-seeee == 549-550 

Brimfield, cordierite granitite at .....--..-..--.----- 321-322 
garnet-biotite-norite at.--..--.-..--------------- 345-346 
description of former lake in.......-.-.-----.--- 565-566 

Brimfield station; seetion at =- 2-2. sesecsnm- es -=2--- 566 

Brown, M. A., mineralogic work of..-..--------.---- 6 

Brookite, occurrence of.......-..--2.-s.-.----------- 131. 

Buckland lake, deposits of -..--...-----...---+------ 602-603 

C. 

Calcite, occurrence of ..-....--------------+-------+- 756 

Calcite and dolomite, pseudomorphs of-.--.-----.--- 389-391 

Cambrian (Lower) gneisses-..----.------------------- 31-65 

Camp Meeting cutting, sections at-...-.-.------ 677-691, 694 
junction of clays and sands at......--..-----.--- 705 

Cerussite, occurrence Of. ceo. ee eer emeeiae tee === 756 

Chalcopyrite, occurrence of:..-2..---..-----.--.-..- 131 

Chamberlain, W. G., report on Chester emery by---- 133-134 

Champlain clays, description of..---.--.------------ 697-721 
junction of sands with <22---..-s---—=---e----- 705-706 
structure Of 2262s 0 ce ee ee ee eta eee 706-707 
time occupied in deposition of...-.-.------------ 707 
action: Of 166 OM 252 <1sew ser acne eerste ae 707-709 
joints.1n : 2226.52 caametee eee lee eal 709-711 
coneretions, Wiss soso secre eeee ee eee t= 711-718 
fossils Of ':.22:i.528¢ ccesceeneee Cee eee seer Hse Se 718-721 

Champlain period, phenomena of --- 562-592 

Chandler, C. F., analyses by -:----.-------.---------- 369 

Charlemont, mica-schist from ....-...-..1--------- ws 162 
dikes in quartz veins im --.....--.-.------------- 169 

Chemical analyses. (See Analyses.) 

Chester, amphibolite and serpentine in....-....----- 78-156 
sections at emery mine im ...-..-.--.------------ 85, 141 
history and description of emery béd in ..--..--- 117-147 
Savoy SChis6 moet terete alessio /teiateatele atelier 159, 160 


Page. 
Chester, sericite-schist from.........-..-.----------- 162 
Oikés ifs seers Soe ee ete eet ete ee actos 827 
Chester amphibolite and serpentine, occurrence and 
character of .--.-- Re Sa eeabaeriays.¢ ac ee bec 78-156 
Chester amphibolite series, description and correla- 
(HONG BBE Gc ndPmoeoS joa. on occeSecaSenC San ser 147-155 
sedimentary origin of ..-.-.-.---------+--------- 155 
Chester emery, mode of formation of 154-155 
Chester emery bed, history and description of.-.---- 117-147 
Chester Emery Company, organization and work of. 121 
Chester emery mine, association and paragenesis of 
minerals; 86/2 oma ptee pes ae eee Serer 148-147 
Chester Granite Company, quarry stones of. ........ 36 
Chester series, extent and character of .......--..--- 149 
Chesterfield, biotite gneiss from-..-..-..---..------.-- 183 
COPPeL MINE Btls ceianr aha aia sate Slee iele tolesiaae' ets 504 
Chiastolite-schist: <2. .nactmpeas ar oe ee een loa 209-210 
Chicopee shale, occurrence and character of.......-- 370 
Chlorite-schist, dikes and quartz veins in ----.-.-.-. 169 
Chiloritoid,. description Ofss1s-5 es eee= eee = ae 129 
Clapp, O. M., mineralogic work of..-..--...---...... 7 
Clark, J. D., mineralogic work of.-........----.------ 7 
Clark Hill quarries, Middlefield, granitoid gneiss 
HO) EA ee ono oC OG Enea onmanmeis eS 34-36 
Clarke, John Mason, cited on character and age of 
fossils from Bernard ston = -2-222--...2c.20- = 259-260 
Clay and mar] deposits, origin of........--.-.--..--- 459-460 
Clays and till, (contactsi@t cece a= sme] =e ee =e 701-703 
Claystones, analyses of...-.----.---------------++---+ 717 
Clinochlor, occurrenceioh =~ --.). 2s. see =ee ae eee ea ae 756 
Coles Brook; sections ati --ee-5 2 .-<— 5.8 see ae ae ee we 22, 23 
Coles Brook anticline, description of ..-..----...-.-. 21-24 
| Soles Brook limestone, analysis of.-.---------------- 27 
occurrence and character of --....----.---------- 27, 28 
College Hill, Amherst, section at..-.--.------------- 557 
Connecticut, origin of name.--.--.---.--.------=--=- 2 
Connecticut River, old course of ..-------.------ 513-515, 627 
tOTTACES Of. sense eee eee eee iRise eee hear 722-738 
OSC atiOTIA TOF ute ate stare ale tele late la ele eer 733 
OXDOWS! Ofc ceptor eee ee er alateate = elelnle Ste eee 734 
deflection: Of. 2 ..|.5tt ccs cea ame ee waste araielele aie) -tateloiere 734-735 
Connecticut River lakes, description of.-.----.----- 609-696 
Connecticut River sandstone, area of..-..-..-.-.--. 351-354 
summary of history of. ..-...---.-.-----+-------. 495-500 
Connecticut River tributaries, deflection of.---....- 735 
terraces! Of; os cesessncse ae noes ates cee erect 736 
TO PUlSiON (OL sae seers ees eee eee ea 746-747 
Connecticut River Valley, general geology of..-..-.- 13-14 
general description Of.--2-: -2<2--2- sense cenn-=-= 9-10 
Conglomerate-gneiss, Becket...-....---------.------ 31-38 
Conway, mineral vein at ---..----..s2..---..----.-.- 504 
deposits of old lakeams.2-. 22-2222. 2225 ccenc erase 598-600 
Conway schists, occurrence and character of..-..-.- 183-201 
gneiss beds ans 22> se cemee enema oon sene eee 185 
subordinate beds in 185-199 
limestone WEGsis22 sche gedeeteeo teens tor Zadien es 188, 189 
amphibolites im. -2-.---2:--2-.. 189-196 
protrusion through Leyden argillite in Whately 196-197 
cleavage iN...--- 2-2-0 --e0- 2s ee enone ene e se 199-200 
fossils: of 22 sac. seeeenetneees se ceees aa aati 200-201 
ago Of ss iocenn seamen se sereneeee Seater sealer 204-205 
Deveretit:2=-22 cece sstemt sera a elele = ie = 8a eree 222 
Amberst< 2562. s-2seceenae ie Sean neeeteee Steers 222-225 
Cook, Helen P., analyses'\by-.-ss-22-"----2"-—-— 1 84 
Copper ores, Hawley schist ae 
Cordierite, figured! foes secs estes fenielem oeteler aie em 208 


INDEX. 785 
Page Page. 
Cordierite granite, Brimfield...........--..--------- BAL SooemeOLbE Upland «sn <2 ececs « wakianwcctiesddseccesecccces. 585-537 
Correlation of rocks, section SHOWING ~~. 2 ce oe 16-18 NBLLE Ys Seat als oats = ole Se eat ece cca sch ddccclBonedeck. 537-543 
Cortlandite, Belchertown............-.-------------- 346-347 | Dry Brook Hill, gorge terrace of .....-.--........... 661-662 
aaly ses Of Jecmncnole eee ee ee eee ee e20a\) Dramlins,desoription of. ..2-...22ssc.sc<c\--. cces. 543-549 
Corundophilite, description of ...--...-.....-...-.-- 130 | Dunes and wind loess, occurrence of........-.--- --- 748-749 
Corundizm, occurence of-—..5 anonee ee sete ane. s22s ee 128,756 | Dwight, Timothy, quoted.............-.-2.------..-. 609 
Coticule, figure oflayer of: -st-cesece-e.2e> o- ss. ~:~ 174 | Dwight station, sections near ...-................... 669, 671 
Coys Hill porphyritic granite................-.-.-..- 319-320 
Concretions, Champlain clays.-......-.-.----sese- Roc (anaes E. 
Crosby, W. O., cited on marble of Westfield. ......... 92-93 Maleing, Wi: Gj analyses by .-<.-c..2.022e.-.d.csl2 167, 
cited on mica-granites 312, 314 168, 196, 221, 303, 316, 336, 345, 347 
Crushing tests, granite. ........-.-.--2-2-2-2+-2-.-+- 36-38 | Hastern Syneline, description of..-...:..--<-<-c<ccee 234-249 
Cummingtonite (rhodonite), occurrence of .. 171, 172, 756, 757 East Greenwich-Enfield syncline ................... 251 
Cushmans Brook, delta of ......... Tate eeecene scence. 640,641 | maton, Amos, cited on occurrence of serpentine at 
D. Daa amen 3s) 5s ccs eee ee es 190 
Dana, E. §., cited on Triassic diabases..............- 408-409 . eke. eae nes, WY ub Gok wate, oy 
2 ae - 5 : Eights, James, cited on plants of Champlain clays.. 718 
Dana, J. D., cited on origin of limestone fragments in Gacy iyecs ot ioe 
Ula Seman sO PR ae eee ere ee oriceialeaiawitec es 460 oh) EES, Bees a ae 
Dana, J. D, titles and abstracts of papers on Upper panichies of PMG i st fice nt ac) pe ee 126-127 
Devonian rocks ....)..-..----.-. 253, 254, 256, 257, 259 Map OF VOINS Of....--...--.-02.eeeeseeeeeeeeeeee 136 
Dana, J. D., titles of papers on Pleistocene .......-.. 508 mode of formation... MEME ee a 154-155 
MAholite OGCITOnCe CR eet et tee ck. 757 Emery bed, Chester, description of..............-..- 117-147 
Davis, W. M., cited on Cretaceous degradation. ...... - 8 — Ph EE are ae ee 
q | association and paragenesis of minerals at...-.. 143-147 
Ciena See - ee etek ‘| Emmons, Ebenezer, early mineralogic work 4 
Deerfield bed, description of. ....../....-.2-..cees---5 7 pees GtEL Tift bv s | ESE tee ee 
Deerfield River and wibdinitton description of...... 597-598 Aarons ota “pean Sidepaes ores ees a ae 
Deerfield River, delbaOtees sncacene esses acaccss st 634-635 : eee yt eat eg oP he ee Poe ee ee a 
Deerfield River lakes, deposits of........22....02+0+- 595-597 | Mnfield-Greenwich basin ........-...--++++..--se20-s 9 
Deerfield sheet of eruptive rock, description of ..... 41¢-44g | Enstatite, formation oe My hh ceo chk anit Lane i ee moe 
MOTMAL Abas COL eee tees tees cee nukes ck . 441-443 altered to ay (figured) aM a 
Siaear : OGEULENE Olle niet) 2 ja jsictinn cee eh oe ee ee 75 
Daney'aqvanty, Northam aesion afc. ano | Bhstatiteserpentines, Granville and Rast... ot 
RIM SOU ertemeesie uae oe Skice as ac cide c cones Ware = 
hallow bmi rom vsnncvninsstctcsia ae | Basle serpontine sndmostone complexat West a 
A Clad’ marble QUATTY..... <5 --2500.------4 2 e — 
pi lle abode a ee ae aria, eae, pseudomorphs in white marble by 
Devonian argillites, pseudo-glacial stri~w on 5381, 582 F SEE to ie apes eee pena os 
Devonian ne aen Williams Tem map and sections. 263-264 | Epidote, description of..........-....--+-+++-2--. +05 re 
Dewey, C., cited on mica-granites ........ Dee te Ae. 312, 313 peeeuETence of. Beste he oy or ees cree poe eee 758 
Diaspore;tiairejoto seen s es. 129 Epidote-fibrolite, Northfield -- 22222562 oe. eee nae 328 
Diabase, Deerfield and Holyoke .........2.2+-2-..-.. 872 | Mpidote-gneiss, Pelham... ......--.--2------22--.+00-. ue 
dikes Giese Sree eee gc, 411-418 | Erratics, description of ....... ; woe neem meen emeccecne ae 
alterationtat seat ee meen tenets 419-439 | Eruptive rocks, enumeration of ----................. 4 
contact of sandstone with 439, 452, 455-456 description Of .----.-----s++----Senensn = ies po Ne 
desoription Of serate-atosscncecsc< asc 441-443, 461-464 . oy . : Be erie cae 6 rah Se eeT TIA ave 
Deerfieldesheotre. sees casas Geese oe ckescec le 441-443 TUPTIONS, CPOCHs OT... -..------eesnean mew ewww anaes , 
limestone inclusions in.-......-... Ssmecesess= 402-455 F. 
Eranitionnelusionsanscesesseoee «sos .ab 22h. ccc 483-488 
Diabase amygdaloid, contact with clayey limestone Fall River, fault at mouth of.............- Soe deacese 439, 440 
(Hetuned) yee aa etree soe heer asc e ok 208 DIRCO UN ENO lao in ternal seria ainciaa asin ee cieetae 621, 622 
Diabase-pitchstone, description of .................. 432-433 | Faults, descriptions Of. ..-....-------sn.ece0ssucsces 95-96 
Diabase-tuff, occurrence and character of..-....... ; 369 | Feldspathic quartzite, Bernardston series........... 282-283 
Dike rocks, description of. 324-328" | Fibrolite, occurrence of.....-.2..-s---ssseeeaccecces 229-758 
Pikes; Charlemontyoa-ceseess ston eee we eek eek. 169 | Fibrolite-schist, Belchertown ....:-..-......-.------ 246-248 
POLM AHI Stes ce see tee Mees ee eens. 216 | Field, Roswell, early geologic work .........-.....-- 6 
Cia as @ 222) cease ete ere ae et. eee SUSATST MESHES WOU RIRGSYG -ecticis c mace. eed ime aan «bie de senee ee 398-400 
Diller, J.S., titles of papers on Pleistocene.......... 508 | Fitts, F. H., analyses by.....-. Soe eee 6 te alesis 26, 336 
quoted on geology of Westfield and vicinity.... 654-656 | Florence, analyses of granite from.-.............---- 316 
Diorite, Prescott (figured)- -so-se.ce oa cscs. cs. 208 | Flynt’s quarry, Monson, gneiss at...--.....--- sngeex 59-65 
North Prescott and New Salem 342-345 | Foot tracks and trap sheets, possible connection 
Meweretin© onter.c2se st. 5e hace tees eae a. 344-345 DINO RIE See cle x «1. go ain ata ae wen oe 379 
analyses uc. seen sss sees a ere 3451 Hort River, old OxPOw Of... -,<sens-0</en-sea-secies 737-738 
Diopside-diabase, Deerfield sheet..................-. 443-444 Pleistocene beetles of. .... .<a-sasscwedmemsasnencce 740-746 
Dolomite changing to serpentine, (figured) ces. tos 10§ | Fossils of the Terrace period 738-740 
Dolomite and calcite, psendomorphs of.....-..e..--- 889-391 | Fox Brook, Triassic sandstone outcrop along....... 271 
MON XXIx 50 


786 


Page, 
Franklin County, Rowe schist in...--.--.----------- 76 
Rowe serpentine in..--..---- +++ eee-- eee eee ewes ~ 79-80 
G. 
Gadrite, occurrence Of......-...-2----+00--2--+-005- 758 
Galena, occurrence of... -- 2.2 s.seseeeepaeees sae 758 
Garnet, Northfield —22--2-2.ee-esee=ee aeatnitaerctets 106, 328 
Garnet-biotite-norite, Brimfield......-....-..-...... 345-346 
Garnetiferous quartzite, figure of..-..--...--..---.. 174 
Glacial action in Triassic time...........----....... 363-364 
Glacial grooves and strivz.....-........-.-.--.-----. 522-531 
Glacial notches... Secc.ce mer aeeemite eet eee ar eet 529-531 
Glacial period, erosion during 515-517 
topography during 518-521 
Glacial and Triassic periods, interval between .--.-.- 508-517 
Glass in trap, OriginOf sossemeeeee ate eee eee eal 437-439 
Glass-breccia, description of.........--.------..----- 433-435 
Gneiss, Monson: <-2<.- sceuese sees seen enen ame 15, 41-45, 56-65 
Hinsdale tse Soca eam ee oats ee relate terre 20, 24-25 
Li@0 «2 ase vce 5 Scie iota eee eat ote inal laterere = 20, 29-30 
Washington .....----.2- 0s--nceeeneen--e----ne-s 20 
blue-qUartz7.<.22s eset er ee eee eee ease ela see 28 
Lower Cambrian sce... esmeieiaea ear iine nalraee - 81-65 
Middlefield... 22 -:p-cepeecteemctemeceenias cece s 34-36 
Becket © 336 
Shelburne 38-41 
Pelham 43-44 
Orange 56-65 
Goessmann, C. A., analysis by-2.2---...22---n----.-- 750 
Goshen, limestone at .......-.---.-----. Mere sane ~ we 191 
dikes in ..222.22.255ce eee eee eee ees 326-327 
galena at . ....0 one ae cause geen ere eemomenie Senn = 6 504 
Goshen: anticline = s2ip cess see eee eee 175-176 
Goshen schists 2-2. ---e=aeee 177-183 
Granby, cores and dikes in 482-483 
Granby Plain, moraine across...-.-....-...--------- 664 
Granby Road Lake, description of deposits of .....-- 587 | 
Granby tuff, occurrence and character of...-..--..-. 369 | 
Granby tuff bed, description of.......-.-.-.-.--..--- 476-479 
source of material Of 2.222 sp sae eaen ee =a 480 
Granite, Becket, crushing tests of ----..-....---.-..- 36-38 
analysis Of 22. csceen esos seeee eee eee eee ees 37, 316 
Hardwick .< --...sc254 «nee ses seeeepeeR ese 317-318 
Huntington, crushing of minerals in 329 
Age.OF 5 226205 ses tence seen eee eee 348 
genetic relations Of. ssanceseae senate a tane eo 348-349 
included in diabase...-.--....-.... wate ceare sale ict 483-488 
317-322 
34-36 
36 
Pelham 43-44 
Granville, Hoosac schistin s2ec-seee-se--=2--- = o=-= 73-75 
enstatite-serpentines in.....--.-.-..-..-....--... 90-92 
serpentines at: s.5 s.02sencequeeeeeseeseces= sosec 108-111 
deposits of former lake in 593 
Graphitic mica-schist series......--...-- 177-210 
Greenfield, altered diabase in 419-439 
exposures in QUarryAhoeaaewe sees eases aes = 424-431 
details of trap ridge east of .....-....-..-...-... 426 
thin sections from ‘‘ash bed” at ...........-..-. 430 
mineral Vein atze ese eeees<en ese ee eeeen eae eciee 505 
LOrrace into -eese eee Sib SSuencciaerrbooenes 632-634 
Greenwich-Enfield basin .-...--<.s-=-e+ssessus-seees 9 
Green River glacier, deposits of.......--..------.+-- 630-631 
Gulf road, sections on.....-......-.---- sb dexiigisesie a 213-215 


H. Page. 
Hadley Lake, deposits of......-..--.-------. 629-657, 673-677 
Cmalnage| Giepencas sens= neal eees 584-586 
sections of beds of 646, 647 
ClAYS)IM <> evans no Earns se ae tee ei eee 698-701 
Hadley Lake basin, terraces in..-......--..--....--- 726-729 
Hampden Emery Company, organization and work 
Ofseseae = oe)aalet 0 =, ais ae ne eae eee 121 
Hampden County, amphibolite and serpentine in. -.. 85 
Rowe schistin!.2-5--\-a-ecss 6) eee eee eee eee 76-78 
Hampshire County, Rowe schist in -..........--.--. 76-77 
LOTMOL BLOA OL. (ae eee ies sees ee eee a 
BOF PentiNe IW. Fo tan ele = ene eee eae 81-85 
Hard: wick gneiss << o2.s0-<-e<0 se ache) = se ree me aeeees 239-241 
Hardwick gneissoid granite and granitite .......--. 317-318 
Hassam Brothers, report on Chester emery -..-..-.--- 133 
Hattield, mineralsvein atos-c<sce-ceere a= ee ee see 505-506 
section of clays I. -t 2.2) esceesee seein emnee ee 691-692 
Hausmann, early description of kieselspath (albite) 
PY -c45 sdsn ces twleg sooesns eee ee een emer ae 5 
Hawes, G. W., cited on Triassic diabases..-..-..... 408-409 
analyses DY sisco2s a05 oe 3e ates ene eee tee 463-464 
Hawley, great fault Imi2- oo seeenn a. sence ae eee eee 172 
Hawley schist, occurrence and character of......-.. 163-171 
possible.igneous Origin’ Of © (2s ese se= neeee eee 169 
mineral depositsiim'ss-.as ssa eee ee 170-171 
COpper OFeS INeai. Saws as eae ESE eee 171 
Hayes, S..D., amalysis' by 2-222 2. sasmtise oe == siacenes 750 
Heath, pyroxene-schist from.-.........-.-----...+--- 163 
amphibolite fronts £252. sees este ae ee eee 168 
Hematite, South Hadley... .22sseceeeae eee eee 486, 487 
Hillebrand, W. F., analyses by --- 88 
Hinsdale, rook im. ich.ce. cee ecee ee eee 19-24 
Hinsdale gneiss, occurrence and character of ...--- 20, 24-25 
Hinsdale limestone, occurrence and character of... 20, 25-27 
analysis OL. 2. sacces ep seme ease ered se eee meres eae 26 
Hitchcock, C. H., titles and abstracts of papers on 
Upper Devonian rocks, by --..:..--. 253, 254, 255-257 
cited on relation of limestone to quartzite in Ber- 
Nardston! FOLIOS. < cass seee er ese wee e ee 286 
cited on recent progress in ichnology.....-...... 400-404 
Hitchcock, Edward, early geological work of -.....- 3-6 
cited on metamorphism of mica-schist.........-.. 67-68 
analyses by, 22 -er.canesasne eee Meese 188-189, 463, 464 
titles and abstracts of papers on Upper Devonian 
POCKS DY-/-onsecs asenaee deeae ees eee eee 253-255 
cited on mics-gramites..--..2). +. ss<nnsmasms=n-== 312-313 
cited on occurrence of syenite-.............-.--- 331-334 
cited on: Triassic fossils .---..s-se<es-ssoase54-< 394-398 
cited on trap rocks ..--...--------- PSPS SI ---- 407-408 
titles of papers on Pleistocene.........----.----- 508 
cited on topography of Connecticut Valley-.-..-. 510-511 
cited on glacial notches...........-..----------- 530 
cited on notable bowlders..........-..-..------- - 559-560 
cited on muck sand of Sunderland ............-. 728 
Holyoke, record of artesian well at.......-....--.--- 383-385 
high terrace near. - 22-226 -oca <6 s0nc0s-eeeme wea 662-663 
Holyoke dam, crushed hand at...--.-.-..-..-------- 370-372 
section Of j.- 5 .c eamce meee eae eset caesar 371 
Holyoke Range, description of.....--.-....--....---. 10-11 
LBP DOCKS Mier ate aceite stata eter a tetarelera stuart ot aeter ae erate 365-367 
Holyoke trap sheet..... BEC HEnOnG amo coanarcosnenesuce 446-460 
Giahase! Of 52 .cemmaenlomieaearatesieisieee ae seceee---- 461-464 
fissured quartz deposit im -........-.-.---.------ 752-753 
,Hoosac.fanlt, notes omen. css ane ee eee 95-96 


Hoosac schist, occurrence and character of.......... 66-76 


7 
4 
i 
q 


OE 


INDEX. 187 


Page, 

Hoosac schist, hornblendic bands in .-....-......--- 75 

Hoosac Tunnel, fault at east portal of............... 80-81 

Hornblende schist, analyses-.-....-.---2.2-----..-=- 221 

Hornblendic bands in Hoosac schist -............-.- 75 

Hornblendic beds, Bernardston series..--...-......- 276-282 

Hostord, B., mineralogic work of..........-..--..--- 5 

Hubbard, A. O., cited ......-.-. WE Tide BRAN ES, 4 

Hudson and Chester Granite Company, Becket, tests 

Of STANnIte’ OL J.5 182 atone sates ae eee emar eee 36-38 

Hunt, David, early mineralogic work of 4 

Huntington, mineral vein at ..-.-..-.---.----+------ 507 

Ey dromica-se¢histsas40-pe oe ee de set occ eters ace 76-78 

I. 

Lee Vriassicw ene eae a= cae gate sae sank wal coe minwcce es 363-364 

Tce barriers, postuions) Of: 2 sesseees eae sees. see 565 

Tehnology,.Triassie mocks 2.9 25225 5h achec ces 400-404 

Tndianite, description Ob cs = aces aeoe ose ale sie ~ 130 
analyses Of... 2205225. \ec eee aiewinesaceces sss se 140 

Insects; METiassi¢ 2s. suc cm sa otsoe = soma Nees stele: 398 

Intrusive rocks in Savoy schist........-...---.-...- 163 

Irving station, section mean 2.22... 5--4-sensnc- once ' 217 

J. 

Jackson, C. T., cited on Chester emery bed........-. 119-120 
cited on character of emery at North Mountain. 138 
cited on occurrence of emery at South Moun- 

FAM re aes © Ss0n86 presto cesta tetetalays (a) aiotets)efale siatey2)e (= 138-139 
cited on occurrence of andesine at South Moun- 

PRA setarwratcters G0 Gossdoes Mnsosharoroereeeegas 140 
EME NW ASS) Oi facet oe eodcs bACOBCtoCae a an eae Eecere 140 
cited on width of emery bed at South Mountain. 141 

Julien, A. A., cited on mica-granites....-.-- Mises 312, 314 
cited on tourmaline-spodumene dikes-....... 324, 325, 326 
cited on meteoric alteration of rocks.-.-......... 330 

ee 

Kemp, J.T., cited on Becket granite 36-38 

Kettle-holes, oceurrence Of 20 s22-6.2-25--05-55 664-672 

Kibbe quarry, East Longmeadow, analyses of rock of 369 

King, W.,,cited on joints in clays.............-..... 710 

alr 

Labradorite; Sowth Hadley. 2... .---c060-ssoeceass-. 485 

Laidley, T. T.S., report on Chester emery.-......... 134 

Lake bottoms and terraces, descriptions and sec- 

PIONS iON AA. Mee sheave tee sels eta e ic es 

Lavulitevoccurrence Of. 2.52.02. ss ces0.+20-cseetecs 

Lee gneiss, occurrence and character of 

Leverett, Conway schist in...--.........2/.1..-.... 
mineraliveiéiateeeeseecneees sae. sclcss eas esene ce 
description of former lake in.................... 

Leverett Center, amphibolite and mica-schist series 

Dnt temoo a meee ase Serie esc e Na ceee es sacks 220. 
Oni UG la ameee eee oem cone Se elo ct lee Dicks 344-345 

Leverett-Amherst area, description of ...........--. 218-225 


Leyden argillite, protrusion of limestone of Conway 


schist through 196-197 
description of......... ee ee 201-210 
BirabloraphiyObecs. sae ceacem ceaioak cece closmaeacs 203 
boundary on Conway schists.........-...--...-. 203-204 
ASOOL tee eer a Mee tt a eee 204-205 
contact metamorphism of.............------seees 205-210 
change to chiastolite-schist.............--------- 208 

Lily Pond, Gill, terrace at..-...........-. adeeeiawa ns - 724-725 


Page, 

iimestone, Minsdale.2-.<--scssecic oaecnksedece ce 20, 25-27 
Ey LAStes OAS eee en ee, ey 26, 27, 189 
ColessBrook22. 255: .22ccs<. se « Beane oe es ae ea 27-28 

163 

Wom yBCMIShGs ceases tise oe ose iach ca stondoee 188-189 

NUE ygaeree atin toes. ou om Sy etc mine aoe oh J 191 

metamorphosed by granitite ...........--- --- 197-199 

fossiliferous, description...............--.. wie ais) < 262-271 

Bernardston series.....-..-..-.-.0-c-s 265-267, 289-290 

eUMAT ASU ORY akan Cotte sk ae on RG ae Saale tn 294-295 

imeluded! tn: diabase.- sas <2 50caeecclicuesccweened 452-455 

BAEC InIced Mot ha U eh ween ee ose eee ees eee 6 456-459 
ithophys~, occurrence of. .....2-.{.\es--cesee--ceen 436 
Little Mountain, Northampton, trap sheet at .....-. 466 
Locks Pond Lake, description of................-.-- 586 
Moers) OCeurrence Of «<=. 28 oa nes sSaccsentbiccecede 748-749 
Longmeadow sandstone, occurrence and character of 364-369 

ETOP) NTE tee mae Ne SS OY eS 369 
Loudville, mineral vein at.......--.-c.-2s---c--00-- 502-504 
Lower Cambrian gneisses............s..-0.-------<e 31-65 
Lower Silurian sericite schists and amphibolites, 

CES CMIBUOM Ola olor wicca ctleies oe as eee ae ae 66-177 
Lucas, H.S., mineralogic work of ...........-.-.---. 6 

cited on Chester emery bed...............-. 118, 120-121 
Lyman, Benjamin Smith, cited on New Red horizons. 446 

M. 
Magnet (The), a notable bowlder, description....... 559 560 
Maenetite, O6CCUrrence Of <2... Jsccataonce sees sca ses 127-128 

MODOSIES Ole Gear. o=t26 a smeeee sce cama oe 172-174, 175 

Bernards hon SCries —.'. ../ + sccue -esseeseeceeesee 267-268 

South Hadley .:.%25.-:<200.2: SPOR SEB cee 487 
Magnetite-emery bed, Chester...... E efeletetsteietetelstae estas 117-147 
M(amblenWrestield) 2% -/.c.cbecnie twee stenemnee tees 92-95 

SPELL ALenHOMTed)in\ 5 sei <n sco c/-see aeaiee eee meee 152 
Marcamhe, deseriptiomof:.-.-...25-.ssese-e<sseeeeee 129 
Marl and clay deposits, origin of .............-.....- 459-460 
Masonite, description of... <2 6.20.50 .2cececcceccase ce 129 
Maynard quarry, analyses of rock from ..-.......... 369 
Mayr, Charles, analysis by ..-.-.-.-26<-cs02---eseca0 752 
Meade, William, early mineralogic paper by .-....-.. 3 
Meriden, thin sections of ‘‘ash bed” at......-...... 430 

analysis of pitchstone from ............-........ 437 
Merrill, George P., cited on cost and strength of Tri- 

ASSIG SANASOONG . << -a\2.10: <2 -n1c.s see em Uaieeae seeker 394. 
IMesozo1e time, erosion in....... 2... ..sesetece cs ccce os 515-517 
Metamorphism, Bernardston series .......--.-.-.... 285-287 
Meteoric alteration of rocks................-.- Coes 330 
Mica and amphibolite, Bernardston series -.-... --- 291-293 
Micaceous quartzite, description of... .........-...- 46 
Mica-granites, historical notes on............--..---. 312-314 
Mica-schist, relation of Becket gneiss to ............ 72-13 

MESOIPMIOM OL) waa e a's = cic wie sem tne s-cexls Seeees 162 

South Orange and New Salem.......-.......---- 231-232 

\WEERIO Soren a Sebo DED RCH E HEP Se OSD ERS AOS COIs ne a5 238-239 

Bernardston series .....-.------- 270-271, 276-282, 291-293 

SINFO gE O NUMERIC = 'ai2 oS nis ho 0(s2d sien aioe Sarsiare sie naeeere 285 


Mica-schist series, description of. 177-210, 218-220 
Middlefield; Hoosac schist in .....--........--.-..-.. 70-73 
AOLPEN UNE IH) veem s- ---'-\e ane os = sean ee am ceoes 81-85 
porphyritic granitite in ..........-.-.-.-22.--0- 318-319 
Mill River, Northampton, section of drift at........- 540 
Ge iaOlmem eres asia. +o seas a<scctibe se eee e eee 637-639 
Millers Falls, dikes near...........-.-.--2---.-..---- 412, 413 
Millers Falls station, section near-...-..........-...- 666-668 


Millers River, rocks at mouth of................--.. 295-299 


788 


Page. 
Millers River delta, description.....--------------.-. 625-629 
Mineral deposits, Hawley schist.........-.--.---.--- 170,171 
Mineral lexicon of Franklin, Hampshire, and Hamp- 
den counties, supplement to...-------. eee 754-761 
Mineral springs, locations of..--...------------------ 749-752 
analyses of waters of..--.-.------------ 750-752 
Mineral veins, description of.....-.-.------ 502-507 
Monroe, Hoosac schist in..-...-....-.--------------- 67-70 
Monson, gneiss in .....-..-.-----------00---- 15, 41-45, 56-65 
gtanite quarries at.......--------0.------+------ 60-65 
rocks in -...cccsesdes cee eee ene eee eee eeteae mate 241-242 
analyses of gneiss from .......--.-.---. Sea 316 
dikes in - 4. (acon ascent ee eeeeeeeeaeeies mates 414-415 
glass-bearing dikes in......-......-..----------- 616-418 
description of esker in ......2....-....---------- 566-567 
lake deposits in 
Monson gneiss, description of......---.--.--.------ 19, 41-45 
analyses.0f 0. eich ac weasel a teiate peta a= eter 62 
strength. Of - 52. cca sateen ene eter a= is)= 63 
expansion in quarrying.....--...-.---.---------- 63-65 
conglomerate structure in.....-.--. 63-65 
mineral vein ini). oo=. taseinete eeeine 65 
Monson syncline 5202 saan a eee ate aiaieete ei eels eo == 249-250 
Montague, Bernardston gneiss at 362-363 
lake. deposits iii s..\censeeee sees eee etoile eit 615-629 
Clay6:AD. o's stereo steer = talere te eet eater sielaretare 697-698 
terraces 1D: 2.5 sce cae «Mow cemeteries ae ernie 725-726 
Moore’s quarry, Florence, analyses of rock from. .-- 316 
Moraines and bowlder trains...-..........--.------- 549, 550 
Mount Holyoke, analyses of trap from ...---.....--- 464 
lake bench on 32: e<eaenelee peta eee eee miss 649-650 
Mount Toby conglomerate, occurrence and character 
Of sel eee a eed eee eee psate Sane acs (an ee a k= 358-363 
Mount 'Tom, faulta at Jo ccsccake ees est aeees ene 449-451 
lake bench, On, 622. s-caecey ss aeee eee ees esas onte= 649-650 | 
Mount Warner, bench around.....-..........-..-.-- 648-649 
Muscovite-granite, occurrence and character of... .- 322-323 
Muscovite-schist, description of .......-............ 181-182 
N. 
Nash, A., mineralogic work of 45 
cited on mica-granites..-..-...-..-.-.--..---..-4 312, 313 
Newberry, J.S., cited on Triassic fishes.--......... 398-399 
Newell, William, mineralogic work of .....-........ 5 
New: Salem, serpentine in: <2) co sesereea ae seeaaeee oe 55, 56 
great central syncline im, -sos-esse.s62-a-~--- =~ 230 
ALOTILC, <<< cele eeee Ae eee ete se tsetaa 342-345 
Niles, W. H., cited on expansion of Monson gneiss.. 64-65 
North Amherst, praniteiai --5-2s-es-seees-Sea- cde =- 323 
breccia abn cm iccpetents ae ae eee tete teeta atom ans 363 
Northampton, record of artesian well at .-.-........ 385-388 
trap-sheet in ---5.-2.- 466 
dikes: in}. s.ckmeceecemseeionie ce wcletatastraates L. 494-495 
mineral vein at 506-507 
section of drift at 540 
Northfield, description of semi-syncline in..-....... 212-216 
quartzite in-ear ere aerate ances 284 
mica-schistiinit=<...cesseeesees sees ase F 285 
North Granville lake, deposits of -....-....... -- 593-594 
North Leverett, rocks in..-.....--.-..-- Se508Sue -- 219-220 
North Prescott, dioritece-.:-- eee eeaneeeeeee cesses 342-345 
Northerner (a notable bowlder), description of-..-.. 559 
0. : 
Olivine, occurrence of.......--.-.- CRO SHA DeAeS ae Ae 758 
Olivine-enstatite rock ...... mp aWeslesiewamee\susniae a's sia se 52 


_ INDEX. 


Orange, gneiss in.......-.------- 
great central syncline in 


Orr, William, jr., analyses by--.-- BOER aco Soo Cnbe 336 
Osborn soapstone quarry, Blandford, section at.....- 87 
analysis of serpentine from....--.-.------------- 
LOCKS Abe acm -1afa'= == inl 


Ottrelite, description of 
Owen, Richard, cited on Triassic reptiles 


Re 

Paleontology, Triassic rocks........-- spines iweistem le 394-406 
Palmer, rocks in see. sess eens see reese eee eee ae "5 2241 

former lake tigen sete eee ene eee ee 569 
Paragenesis, secondary minerals, Deerfield sheet.... 444-445 
Peaked Mountain, section near. -...........-...------ 249-250 
Pegmatite, occurrence and character of-.....-.-- 322-323, 328 
Pegmatite dikes and minerals.....-....--.--.--- 216, 323-331 
Pelham, SMeISS’ I! -<= ee ee eee eae eee see 42-45 

asbestos quarry at 47-54 

figures of walls of asbestos quarry at..-......-- 48, 49 

serpentine from =.= wee. ose eee eae en eee eae 

Giabase in... ethic cc neice eee nee eee 

microscopic diabase dike from 

OCHO NUT Soto apoio ole at oe ee 
Pelham and Wilbraham, actinolite-quartzite of...-. 45-47 
Pelham lake and esker, description of....--.-....-. 578-584 
Pelham-Shutesbury syncline, description of......-.. 225-227 
Pern, blue quartz Of 5. 28. 2o een eee eres 28 
Pitchstone, analysis of. 437 
Pitchstone breccia, alteration of diabase to......... 419-439 
Plagioclase-feldspars. eet. -= enna ee ane aieeeeeee 52-54 
Plainfield; limestone ate 2-2 emesis seieoa eee seers ae 192 
Plant remains, Champlain clays-.-...-.--......-.--- 718-720 
Plants, Uriassie!. 5. sv us see soe eee Seek ammesaemcmaad 394-398 
Pleistocene period, phenomena of ..-....-.--.-.-.--- 508-517 
Pleistocene beetles of Fort River, description of .... 740-746 
Porphyritic granite, occurrence of ....-.......-...-. 319-320 
Porphyritic granitite, occurrence of. 318-319 
Posterior trap sheet, description of....-..-.-...-..--. 464-476 
Pot-holes, occurrence Of 2. <5 2.2.2 cess wencelsne-= 532-533 
Prescott, rocks ints ae nisseeee issn «seers 232-233 
Prochlorite, occurrence of 759 


Publications on geology and mineralogy of Franklin, 
Hampshire, and Hampden counties, list of .. 762-782 


Pyrite, OCCULTENCE Ola ere eee noe eee 170-171, 759 
Pyrolusite, occurrence Of- ces eatees aera siesta “759 
Pyroxene, OCOUITeNCe Ofo- ee aena eee teseinsaenener 759 
Pyroxene-schist, description of...........-----.-.-.. 163 
Pyroxene-serpentine, Blandford .-..-..-- 3 Se Sopaceee 104-108 
Pyroxenic limestone, description of -......--..-.--.- 163 
Pyroxenie amphibolites 243-245 
Pyroxenite, Blandford- 2-22. conc-e= mene aur onsen ee 85-90 
Q. 
Quartz, occurrence of......--.--------- ee---- 169, 752-753, 759 
Quartz-diorite, occurrence and character of..---..-.. 331-342 
Quartz-gabbro, occurrence of....--------.---.-.----- 331-342 
Quartz-garnet rock, figure of.......-.-.--..----..--- 174 
Quartz veins, Charlemont .......-.-...---.cc-sse--s- 169 
Quartzite, Shutesbury..-.-.-2-.-------.----.----.--- 46 
Warwick....-.. Fe ASE Coe OEIoIne Seber saysoase5 227-228 
eo eeeeteetan cee} 228 
268-269, 287-290 
dagnoosssaccsaste 273-276 


284 


INDEX. 7 789 


R. Page. 
Reptilessriassie 75-552 ciewek =. <2 ese deniees ences 405-406 
Repulsion of tributaries, illustrations of...-....-..- 746-747 
Rhodonite (cummingtonite), occurrence of ...-. 171-172, 759 
Road material, use of trap as.....-.:.---.--..2-+---. 500-501 
Rogring Brook; fault’ abt. . 22.00--<--c owse-tecee ese 473-474 
Rock Etam (a notable bowlder), description of...-... 559 
Rock Oreb; description of/2s.22-- sees ae. = <5 sees es 559 
Rocking Stone (The), description of -........-....-- 560 
Rowe, Serpenbinesabs..-.s<siaee- se osha ace eee ee eee 98-101 
Rowe schist, occurrence and character of........-.- 76-78 
BOCUION 5. oisacleise cee csas en -aet nimcle vise civiats oii sieoiste q7 
compared with Savoy schist ......-...-...--...- 158 
Rowe serpentine, section of ........--.-.......------ 79-80 
Russell, I. C., cited on action of ice in Triassic time- 364 
Russell, enstatite-serpentines in ......-.-.-..-..---- 90-92 
HELPONTINGESMNSE 9-19. se eect tas Ten ee cosas a ee 111-1138 
pyroxenic limestone im. so... 6 cs-n ec cee sees aa 163 
THINSLVAL VOM a bare sate stee ste ate Seialstae pee Salas << « 507 
Ss. 
Sahlite changing to tremolite, figured -............. : 106 
Salt; oecurrenceOkesescre==s10 sas ace nea nece oe ct oo 760 
Sands interglacial crassa ot eee scses cease eke 550-558 
Sandstone, Connecticut River.............-.......5- 351-354 
amy gdaloidal....... ESO SHn Copp oO an essabadaeeoesen 435-436 
contact of diabase with .........-----.... 439, 452, 455-456 
Bills intruded anecaess. cewoceceoac ns aes oo wale 469-470 
Savoy schist, occurrence and character of .. 156-163, 220-221 
TNUCUSEVO MOCKS seca. ace alenceee nls aie aie nc asc 163 
Saxonite, Monson gneiss 47-56 
Sehists enumeration Of ---chescc cess acess b--o-<se 15, 16 
Silurian ssces- sees BES OC SIGS PEACH oso oases 211-252 
Schlierengiinge, E. Hitchcock's suggestion of the- 
(lia PO Sse saocedacec  SGrodoc: town ctae Greets 334 
Scudder, S. H., description of Pleistocene beetles by. 740-746 
Sentinel (The) (a notable bowlder), description of.. 560 
Sericite-gneiss, Whately...2..-.62...-.cc.-0..ceeece 206-209 
Sericite-schists and amphibolites, description of .... 66-177 
Sericite-schist, description of... --. JOeGRaR ASS CeCe EEee 162 
Serpentine, Monson gneiss.............-.-..-------- 47-56 
Pela, se eee eee eee eee ea 54, 55 
phiatesbuly: fara ose waenecss. cceet ses<ciees are 55 
Mid @lefiel dy reese ae cee eee sass oe 81-85 
analy pies se tee eee see eens cae 84, 88, 116-117 
Chester eierecnciiccastclactieekonce socececcsherd as 85 
Blandford cass astaeeateeds se seas cee nic) se ose oan ce 85-90 
petrographic descriptions of .................... 97-117 
aW GB theld 2. com avo e ea cae eee n ais wivie aa ots 92-95, 1138-114 
eri va On: Olt. oe ae sae earns ae see aks s ss ice 115 
OCCULT CNGS Olea ss aais te atea cet cats keen che cs 6 760 

Serpentinization, examples of. 

Shearing, Westfield marble quarry...............--. 148 

Shepard, C. U., mineralogic work of.....-....-..... 5,7. 
cited on Chester emery mine.................--. 122-135 
cited on occurrence of indianite at South Moun- 

Uaianie ee sste see eae oe oat beer ec ciaete 14¢ 
Shelburne, gneiss al ls2=-- eee elses otto c ss nccece 38-41 

LOCKS Of antiGlinelane~s. ts scasseckes .skk Fool soe. 162 
minerally Ginrabe. ocean <aics'a'cecemeen oca2- oe oda 505 
Shelburne Falls anticline, rocks of 75 
Shutesbury, serpentine from ..........-..-----....-- 55 
SOCHONUGH er wena ten tree chee acac sree u elas. Se 230 
Siderite; cecarrence of se eee cn s- see. sees ides e. 760 
Silliman, Benjamin, report by, on Southampton lead 
MUNG Sasee cence escar te sweetie co else 3 


Page. 
Silliman’s Journal, cited on lead mines and veins.... 4 
Sills intruded in sandstone............-..-....22-..- 469-470 
Silurian (Lower) sericite schists and amphibolites.. 66-177 
Silurian schists, east side of valley..............---- 211-252 
Smith, J. Lawrence, cited on minerals accompanying 

OMOLV te ei meres sinicas = pewde viaziesdesecae seas 131 
Sumthei Merry, dike abs.-2. 22-22-20 eens. sek cece se 495 
Sodom Mountain, serpentine from................--- 114 

SEVOVESONISU Miciac--eascccenseeshacucetaehseeees 159 

pyroxenic limestone from ...... Sebadchocnsleeer 163 
South Hadley, record of artesian well at........----- 381-382 

Gi GRMOCKSNNs jae et sent ose eee ee eee ee 483-494 
South Orange, great central syncline in.........---- 230-232 
South Vernon, description of range from Bernards- 

UDG) CC SAE SMT seen sete Ren! a ERE 272-282 
Spodumene, occurrence of .........---......--------- 760 
Springs (mineral), occurrence of. 749-752 

MALY SESE rine of > vince aclaaa tc cetes come mosis seers 750-752 
Springfield basin, terraces in......5........-.---.--- 729-731 
Springfield lake, deposits of ............--...-.-e--- 657-665 
Springfield lake bottom, description of..........---- 677 

DIQWAHM yee 2s Saco s ok ce ot ae Oe ee 701 
Springfield Republican, cited on Monson granite 

UAT ARTE Wma ret -) stele, sja.c)s Da = cs Mee dente sa ee eee. 60-62 

cited on Chester emery bed .....:.......--.----- 120 

quoted on use of Triassic sandstone for building 

PEE DOSS. - <= ~~ eee nen eee theo see er eee 391-394 


State Line fault, Holyoke dam ..................---- 
Steatization, Westfield marble quarry 


Stellate marble, figure of -................20--ece0-ee 
LOGS HN, ANALYSIS DY. <-..sds Joes Seceaeeoee eee es 437 
SUMO Shall same. te acd sds tc ses see ae 522-531 
DUCES ME eLbOdase es ab oso cto fos ace eee eee 13 
Sugarloaf arkose, occurrence and character of...-..- 354-358 
Sunny Valley lake, description of 592 
Swift River lake, description of....................- 569-575 

ae 

PalGTOOCUTLONCG OL. 250% secc cos soe dendeedeus selene 760 
Taft, John B., reports on Chester emery made to.... 183-184 
Terraces, Connecticut River...........2-2-isc-s..-: 722-738 
Terraces and lake bottoms, detailed sections of ..._. 677-696 
Terrace period, Connecticut River, fossils of......_. 738-740 
“The Crater,”’ North Blanford, rocks at ......-. 86, 101-102 
Thomas, Judson, acknowledgments to ............-- 141 
MU Rdeseription! Off. 2. <u 2c-sstncas eee ete eee ee 533-543 
contacts of clays and..........-......cececees-ne 701-703 
Aitanite; occurrence Of . . .\.....25-<2.2.sseeeeeak en cee 761 
pROMANA RO OKA IMs =/10 = o551,0 5. Sass seo eee 24, 73-75 
Tonalite, occurrence and character of.........-..--. 331-342 
SNM SOS Oltee otis s sais tu) SEES ods ted oc cae 336 
crushing and alteration of....-..............22-- 339-342 
Topography of the region........- 8-11 
Tourmaline, description of ....-................ 130 
OCCANMEM COLO ee aresislsivaacie © 224sse «Seciceee oe oaeeee 761 
Tourmaline dendrite, Leeds.....- WS eee kee ae 316 
Tourmaline-spodumene dikes, Chesterfield.......... 324-326 
Trap, limestone fragments in -...................--- 456-459 
MAC ERTOU Te Of ios< sia -eese eos aces he ee aeeee 460-461 
trap rocks) Holyoke range <..-..-.2.2-.%...cessecce 365-367 
OUmeIMOmPlags ims... 5-c6.sue.s See ees ta eeee eee 437-439 
HAL SOMOD Meets flo dana obs bs vaca eet eee eee 464 
road-malcin yi Us0 Of <5... 2m. 0sse-tesoesee, oeeee) DOULODL 

Trap sheets and foot track, possible connection be- 
SING GO UINMES = slots So isa >: 6 haope ee 379 


790 


Page. 

Tremolite rock, occurrence Of. --2.------.----- 00-5 108-110 
Tremolitization, Westfield marble quarry 148 
Triassic basin, mode of formation of............--.-- 373-379 
Triassic beds, summary of history of ..........:.... 495-500 
Triassic eruptions, three epochs of...........---.--. 410-411 
Triassic eruptives, occurrence and character of -.... 407-501 
Triassic glaciers <..c.n.s=esrseeaner see eee eae 363-364 
Triassic fossils. .... eaccs Ct eene See eee tl aee ees 394-406 
Triassic rocks, description 0£+.-~.sseeeres sees eso >> « 351-406 

general section Of .-c2scceraeateeeenncesesacs sae 354 

summary Of history Of 2-sseesee sees eee 495-500 
Triassic sandstones, thicknesses of. 875 

architectural 180\0f2s-eenne pees eee eee s 391-394 
Triassic and Glacial periods, interval between...... 508-517 
Tuff, occurrencelolssscee eee eee eens eee ee cates 476-481 
Tutfaceous agglomerate, occurrence of ..........-... 476-481 
Turners Falls, record of artesian well at..........-. 380-381 

mineral vein at.t..c.c2 ss nen eee reeset eee eeece 505 

Vv. 

Vernon limestone; areas!onesseeee eee aeeiseeee ee eae ae 276 
Villarsite, oceurrence of: -c-4eemeen en oneeeeen ecees as 758 
Ww. 

Wapping, section at railroad cutting in ...........-. 694-696 
Ware, rocks in); 23:25 Ji: = ser Soe eeeeee ee emetic one 237-239 

diabase dikes inm--2.2 ss eceneeeseeeee 414 
Ware River Lake, description of ...............-.--- 569-573 
Warwick, great central syncline in 227-230 
Warwick road, sections near..-...-.-.-....---.--.-- 215-216 
Washington gneiss, occurrence and character of. --. 20 | 
Washington gneiss, contact with Becket gneiss-.... 31-32 
Washingtonite, occurrence of 131 
Wells, artesian, records of.............. 380-389 
Wendell Branch'synclinesec-eaeeoseeeeeeehecee. ee 217-218 
West Brook, delta 0f-.222.c-cnee- tector eens ae a: 635-637 
Westfield-Holyoke Railroad, trap filled with lime- 

stone fragments along ........-..-..-.--..-. 456-459 


INDEX, 


Page. 
Westfield, serpentine and marble in.......... 92-95, 113-114 
Westfield, sections in .........--.....-.- 92-94 
Westfield Little River, artesian well on 389 
Westfield plain, deposits of.......-.-....-...--.-.-.. 650-657 
Westfield River, deposits of...-...---./...:--..-.... 607-608 

Westfield marble quarry, enstatite-serpentine and 
limestone complex at. <3 4622+. = --eee renee 147-155 
Westfield marble quarry, alteration of rocks at-.-.- 147-155 
Westhampton, mineral veins at......-..--.......... 502-504 
lead: mine (abe root ete emiee <eaeeelea eee eee 503-504 
deposits of former lake in: .-....-.-.---«-----<- 594-595 
West Hawley, sectionine..-. \..ceccesme semen 173 
Whately, amphibolite bed at.--.......-......... 190, 192-194 
carbonaceous limestone at...:..........--..--.-- 191 

protrusion of Conway schist through Leyden 
argillite‘at Nc ecepssons ec see eee eee sear 196-197 
mineral veins at 504 
Whetstone schist, occurrence and character of ...-. 186-187, 
220-221 

Whitfield, R. P., titles and abstracts of paper on 
metamorphic rocks o-- ssegs eee eee 254, 256 
Whitmores Ferry, Sunderland, amphibolite at. --..- 190-191, 
194-195 
hornblende-schists at<.. <-< 2. oas0- see ee eens 361-362 
Wilbraham, gneiss inicc22-o-- sere see eee ees 42-45 
Wilbraham syncline, description of..............-.. 248-249 
Wilbraham and Pelham, actinolite-quartzite of..... 45-47 
Williamsburg, mineral veins at.............-.-.--.- 505 
deposits of glacial Jake in_-2--.2.. ---2a--sesee-5 595 
Williams farm, map and sections of rocks at.... 263, 264, 266 
Williams farm section, description of.............-. 262-271 
Worthington, amphibolite from.........--......--.. 167 
Worcester, analyses of rock from..........--.------ 369 

Z. 

Zoisite, OGCurreNnce Of s-- pose eee eee eee eee 761 


Zoisite-hematite, Northfield.........--...-....-..--- 328 


ADVEHRTISHMEHNT. 


[Monograph XXIX.] 


The statute approved March 3, 1879, establishing the United States Geological Survey, contains 
the following provisions: 

“The publications of the Geological Survey shall consist of the annual report of operations, geo- 
logical and economic maps illustrating the resources and classification of the lands, and reports upon 
general and economic geology and paleontology. The annual report of operations of the Geological 
Survey shall accompany the annual report of the Secretary of the Interior. All special memoirs and 
reports of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but 
otherwisein ordinary octavos. Three thousand copies of each shall be published for scientific exchanges 
and for sale at the price of publication ; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of the library of the organization: And the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States.” 

Except in those cases in which an extra number of any special memoir or report has been sup- 
plied to the Survey by special resolution of Congress or has been ordered by the Secretary of the 
Interior, this office has no copies for gratuitous distribution. 


ANNUAL REPORTS. 


J. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 
pp. 1map.—A preliminary report describing plan of organization and publications. 

II. Second Annual Report of the United States Geological Survey, 1880-’81, by J. W. Powell. 
1882. 8°. ly, 588 pp. 62pl. 1 map. 

Ill. Third Annual Report of the United States Geological Survey, 1881~82, by J. W. Powell. 
1883. 8°. xviii, 564 pp. 67 pl. and maps. 

IV. Fourth Annual Report of the United States Geological Survey, 188283, by J. W. Powell. 
1884. 8°. xxxii,473 pp. 85 pl. and maps. 

V. Fifth Annual Report.of the United States Geological Survey, 1883~84, by J. W. Powell. 
1885. 8°. xxxvi,469 pp. 58 pl. and maps. 

VI. Sixth Annual Report of the United States Geological Survey, 1884~85, by J. W. Powell. 
1885. 8°. xxix, 570 pp. 65 pl. and maps. 

VII. Seventh Annual Report of the United States Geological Survey, 1885~86, by J. W. Powell. 
1888. 8°. xx,656 pp. 71 pl. and maps. 

VIII. Eighth Annual Report of the United States Geological Survey, 1886~87, by J. W. Powell. 
1889. 8°. 2pt. xix, 474, xii pp., 53 pl. and maps; 1 p.1., 475-1063 pp., 54-76 pl. and maps. 

TX. Ninth Annual Report of the United States Geological Survey, 1887~88, by J. W. Powell. 
1889. 8°. xiii, 717 pp. 88 pl. and maps. 

X. Tenth Annual Report of the United States Geological Survey, 1888~89, by J. W. Powell. 
1890. 8°. 2pt. xv,774 pp., 98 pl. and maps} viii, 123 pp. 

XI. Eleventh Annual Report of the United States Geological Survey, 1889-90, by J. W. Powell. 
1891. 8°. 2pt. xv, 757 pp., 66 pl. and maps; ix, 351 pp., 30 pl. and maps. 

XII. Twelfth Annual Report of the United States Geological Survey, 189091, by J. W. Powell. 
1891. 8°. 2pt., xiii, 675 pp., 53 pl.and maps; xviii, 576 pp., 146 pl. and maps. 

XIII. Thirteenth Annual Report of the United States Geological Survey, 1891~92, by J. W. 
Powell. 1893. 8°. 3 pt. vii, 240 pp., 2 maps; x, 372 pp., 105 pl. and maps; xi, 486 pp., 77 pl. and 
maps. 
: XIV. Fourteenth Annual Report of the United States Geological Survey, 1892-93, by J. W. 
Powell. 1893. 8°. 2pt. vi, 321 pp.,1pl.; xx, 597 pp., 74 pl. and maps. 

XV. Fifteenth Annual Report of the United States Geological Survey, 1893-94, by J. W. Powell. 
1895. 8°. xiv, 755 pp., 48 pl. and maps. 

XVI. Sixteenth Annual Report of the United States Geological Survey, 1894-95, Charles D. 
Walcott, Director, 1895. (Part I, 1896.) 8°. 4 pt. xxii, 910 pp., 117 pl. and maps; xix, 598 pp., 43 
pl. and maps; xv, 646 pp., 23 pl.; xix, 735 pp., 6 pl. 

XVII. Seventeenth Annual Report of the United States Geological Survey, 1895-96, Charles 
D. Walcott, Director. 1896. 8°. 3 pt.in4vol. xxii, 1076 pp., 67 pl. and maps; xxv, 864 pp., 113 pl. 
and maps; xxiii, 542 pp., 8 pl. and maps; iii, 543-1058 pp., 9-13 pl. 

XVII. Eighteenth Annual Report of the United States Geological Survey, 1896-97, Charles D. 
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Walcott, Director. 1897. (Parts IT and III, 1898.) 8°. 5 pt.in6vol. 1-440 pp.,4 pl. and maps; i-y, 
1-653 pp., 105 pl. and maps; i-v, 1-861 pp., 118 pl. and maps; i-x, 1-756 pp., 102 pl. and maps; i-xii, 
1-642 pp., 1 pl.; 643-1400 pp. 


MONOGRAPHS. 


I. Lake Bonneville, by Grove Karl Gilbert. 1890, 4°. xx,438 pp. 51pl. 1lmap. Price $1.50. 

Il. Tertiary History ofthe Grand Canon District, with Atlas, by Clarence E. Dutton, Capt., U.S. A. 
1882, 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00. 

III. Geology of the Comstock Lode and the Washoe District, with Atlas, by George F. Becker. 
1882. 4°. xv,422 pp. Tpl. and atlas of 21 sheets folio. Price $11.00. 

IV. Comstock Mining and Miners, by Eliot Lord. 1888. 4°. xiv, 451 pp. 3 pl. Price $1.50. 

V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 
pp. 151. 29pl. and maps. Price $1.85. 

VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris 
Fontaine. 1883. 4°. xi, 144 pp. 541. 54 pl. Price $1.05. 

VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884, 4°. xiii, 200 pp. 
16 pl. Price $1.20. 

VIII. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884, 4°. xiii, 298 
pp. 241. 24 pl. Price $1.10. 

IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New 
Jersey, by Robert P. Whitfield. 1885. 4°. xx,338 pp. 35 pl. 1lmap. Price $1.15. 

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles 
Marsh. 1886. 4°. xviii, 243 pp. 561. 56 pl. Price $2.70. 

XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by 
Israel Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. and maps. Price $1.75. 

XII. Geology and Mining Industry of Leadville, Colorado, with Atlas, by Samuel Franklin 
Emmons. 1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40. : 

XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with Atlas, by George F. Becker. 
1888. 4°. xix, 486 pp. 7pl. and atlas of 14 sheets folio. Price $2.00. 

XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut 
Valley, by John 8. Newberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00. ; 

XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889, 4°. xiv, 
377 pp. 180 pl. Text and plates bound separately. Price $2.50. 

XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 
53 pl. Price $1.00. 

XVII. The Flora of the Dakota Group, a Posthumous Work, by Leo Lesquereux. Edited by 
F. H. Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 

XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 
by Robert P. Whitfield. 1891. 4°. 402 pp. 50pl. Price $1.00. 

XIX. The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan,.-by Roland D. 
Irving and C. R. Van Hise. 1892, 4°. xix,534 pp. Price $1.70. 

XX. Geology of the Eureka District, Nevada, with an Atlas, by Arnold Hague. 1892. 4° xvii, 
419 pp. 8pl. Price $5.25. 

XXI. The Tertiary Rhynchophorous Coleoptera of the United States, by Samuel Hubbard Scud- 
der. -18938. 4°. xi, 206pp. 12 pl. Price 90 cents. 

XXII. A Manual of Topographic Methods, by Henry Gannett, Chief Topographer. 1893. 4°. 
xiv, 300 pp. 18 pl. Price $1.00. 

XXIII. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, T. Nelson Dale, 
and J. E. Wolff. 1894. 4°. xiv, 206 pp. 23 pl. Price $1.30. 

XXIV. Mollusca and Crustacea of the Miocene Formations of New Jersey, by Robert Parr Whit- 
field. 1894. 4°, 193 pp. 24pl. Price 90 cents. 

XXV. The Glacial Lake Agassiz, by Warren Upham. 1895. 4°. xxiv, 658 pp. 38 pl. Price $1.70. 

XXVI. Flora of the Amboy Clays, by John Strong Newberry; a Posthumous Work, edited by 
Arthur Hollick. 1895. 4°. 260 pp. 58 pl. Price $1.00. 

XXVII. Geology of the Denver Basin in Colorado, by Samuel Franklin Emmons, Whitman Cross, 
and George Homans Eldridge. 1896. 4°. 556 pp. 31 pl. Price $1.50. 

XXVIII. The Marquette Iron-Bearing District of Michigan, with Atlas, by C. R. Van Hise and 
W.S. Bayley, including a Chapter on the Republic Trough, by H. L. Smyth. 1895. 4°. 608 pp. 35 
pl. Price $5.75. 

XXIX. Geology of Old Hampshire County, Massachusetts, comprising Franklin, Hampshire, and 
Hampden Counties, by Benjamin Kendall Emerson. 1898: 4°. xxi, 790 pp. 35 pl. Price $1.90. 

XXX. Fossil Meduse, by Charles Doolittle Walcott. 1898. 4°. ix,201pp. 47pl. Price $1.50. 
In preparation: 

XXXI. Geology of the Aspen Mining District, Colorado, with Atlas, by Josiah Edward Spurr. 

XXXII. Geology of the Yellowstone National Park, Part II, Descriptive Geology, Petrography. 
and Paleontology, by Arnold Hague, J. P. Iddings, W. Harvey Weed, Charles D. Walcott, G. H. Girty, 
T. W. Stanton, and F. H. Knowlton. 

e XXXIII, Geology of the Narragansett Basin, by N.S. Shaler, J. B. Woodworth, and August F. 
Yoerste. 
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XXXIV. The Glacial Gravels of Maine and their Associated Deposits, by George H. Stone. 

—The Later Extinct Floras of North America, by John Strong Newberry; edited by Arthur 
Hollick. 

—Flora of the Lower Coal Measures of Missouri, by David White. 

—The Crystal Falls Iron-Bearing District of Michigan, by J. Morgan Clements and Henry 
Lloyd Smyth; with a Chapter on the Sturgeon River Tongue, by William Shirley Bayley. 

—Sauropoda, by O. C. Marsh. 

—Stegosauria, by O.C. Marsh. 

—Brontotheriidx, by O. C. Marsh. 

—Flora of the Laramie and Allied Formations, by Frank Hall Knowlton. 


BULLETINS. 


1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitie Rocks, by Whitman Cross, 
with a Geological Sketch of Buffalo Peaks, Colorado, by 8. F. Emmons. 1883. 8°. 42 pp. 2 pl. 
Price 10 cents. 

2. Gold and Silver Conversion Tables, giving the Coining Values of Troy Ounces of Fine Metal, 
etc., computed by Albert Williams, jr. 1883. 8°. 8pp. Price 5 cents. 

3. On the Fossil Faunas of the Upper Devonian, along the Meridian of 76° 30’, from Tompkins 
County, N. Y., to Bradford County, Pa., by Henry 8. Williams. 1884. 8°. 36 pp. Price 5 cents. 

4, On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9pl. Price 5 cents. 

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 8°. 325 
pp. Price 20 cents. 

6. Elevations in the Dominion of Canada, by J.W.Spencer. 1884. 8°. 43 pp. Price 5 cents. 

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and 
South), 1752-1881, in Geographic and Chronologic Order, by Jules Marcou and John Belknap Marcou. 
1884. 8°. 184 pp. Price 10 cents. 

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and 
C. R. Van Hise. 1884. 8°. 56 pp. 6pl. Price 10 cents. 

9. A Report of Work done in the Washington Laboratory during the Fiscal Year 1883~84. F.W. 
Clarke, Chief Chemist; T. M. Chatard, Assistant Chemist. 1884. 8°. 40 pp. Price 5 cents. 

10. On the Cambrian Faunas of North America. Preliminary Studies, by Charles Doolittle 
Walcott. 1884. 8°. T4pp. 10pl. Price 5 cents. 

11. On the Quaternary and Recent Mollusca of the Great Basin; with Description of New 
Forms, by R. Ellsworth Call. Introduced by a Sketch of the Quaternary Lakes of the Great Basin, 
by G. K. Gilbert. 1884. 8°. 66pp. 6pl. Price 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward 8. Dana. 1884. 8°, 
34 pp. 3pl. Price 5 cents. 

13. Boundaries of the United States and of the Several States and Territories, with a Historical 
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent 
Strouhal. 1885. 8°. 2388 pp. Price 15.cents. 

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°. 
33 pp. Price 5 cents. : 

16. On the Higher Devonian Faunas of Ontario County, New York, by John M.Clarke. 1885. 8°. 
86 pp. 3pl. Price 5 cents. 

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with Notes 
on the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price5 
cents. 

18. On Marine Eocene, Fresh-Water Miocene, and other Fossil Mollusca of Western North 
America, by Charles A. White. 1885. 8°. 26pp. 3pl. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 8°. 28pp. Priced cents. 

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille- 
brand. 1885. 8°. 114 pp. ipl. Price 10 cents. 

21. The Lignites of the Great Sioux Reservation; ,a Report on the Region between the Grand 
and Moreau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 5 cents. 

22. On New Cretaceous Fossils from California, by Charles A. White. 1885. 8°. 25pp. 5 pl. 
Price 5 cents. 

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on 
Keweenaw Point, Lake Superior, by R. D. Irving and T. GC. Chamberlin. 1885. 8°. 124pp. 17 pl. 
Price 15 cents. 

24. List of Marine Mollusca, comprising the Quaternary Fossils and Recent Forms from American 
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healey Dall. 
1885. 8°. 336 pp. Price 25 cents. : 

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas 
Barnes. 1885. 8°. 85 pp. Price 10 cents. 

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents. 

27. Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal Year 
188485. 1886. 8°. 80 pp. Price 10 cents. 

28. The Gabbros and Associated Hornblende Rocks oceurring in the Neighborhood of Baltimore, 
Maryland, by George Huntington Williams. 1886. 8°. 78pp. 4 pl. Price 10 cents. 
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29. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886. 
8°. 41 pp. 4pl. Price 5 cents. 

30. Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles 
Doolittle Walcott. 1886. 8°. 369 pp. 33pl. Price 25 cents. 

31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and 
Arachnids, by Samuel Hubbard Sendder. +1886. 8°. 128 pp. Price 15 cents. : 

32. Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by 
Albert C. Peale. 1886. 8°. 235 pp. Price 20 cents. 

33. Notes on the Geology of Northern California, by J. 8. Diller. 1886. 8°. 23 pp. Price5 cents. 

34. On the Relation ofthe Laramie Molluscan Fauna to that of the Succeeding Fresh-Water Eocene 
and Other Groups, by Charles A. White. 1886. 8°. 54 pp. 5pl. Price 10 cents. 

35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 8°. 
62 pp. Price 10 cents. 

36. Subsidence of Fine Solid Particlesin Liquids, by Carl Barus. 1886. 8°. 58pp. Price10cents. 

37, Types of the Laramie Flora, by Lester F, Ward. 1887. 8°. 354pp. 57 pl. Price 25 cents. 

38. Peridotite of Elliott County, Kentucky, by J.S. Diller. 1887. 8°. 31pp. 1pl. Price5 cents. 

39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. -8°. 
84 pp. 1pl. Price 10 cents. 

40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 
8°. 10 pp. 4 pl. Price 5 cents. 

41, On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, by Henry S. 
Williams. 1887. 8°. 121 pp. 4pl. Price 15 cents. 

42, Reportof Work done in the Division of Chemistry and Physics, mainly during the Fiscal Year 
1885~86. EF. W. Clarke, Chief Chemist. 1887. 8°. 152pp. 1pl. Price 15 cents. 

43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene 
A. Smith and Lawrence C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents. 

44, Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. 8°. 35 pp. 
Price 5 cents. 

45. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. 8°. 
94 pp. Price 10 cents. 

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an Intro- 
duction by N.S. Shaler. 1888. 8°. 143 pp. Price 15 cents. 

47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of 
Analysis employed, by Frank Austin Gooch and James Edward Whitfield. 1888, 8°. 84 pp. Price 
10 cents. 

48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 8°. 88 
pp. Price 10 cents. 

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert 
Simpson Woodward. 1889. 8°. 133 pp. Price 15 cents. 

50. Formulas and Tables to Facilitate the Construction and Use of Maps, by Robert Simpson 
Woodward. 1889. 8°. 124 pp. Price 15-cents. F : 

51, On Invertebrate Fossils from the Pacific Coast, by Charles Abiathar White. 1889. 8°. 102 
pp. i4pl. Price 15 cents. 

52. Subaérial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel 
Cook Russell. 1889. 8°. 65pp. 5pl. Price 10 cents. 

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8°. 55 pp. 10pl. Price 
10 cents. 

54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8°, 
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56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889, 8°. 
72 pp. Tpl. Price 10 cents. 

57. A Geological Reconnoissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49 pp. 
2pl. Price 5 cents. 

58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by 
George Frederick Wright, with an Introduction by Thomas Chrowder Chamberlin. 1890, 8°. 7112 
pp.,incl.1 pl. 8 pl. Price 15 cents. 

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°, 45 
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60. Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal 
Year 1887-’88. F. W. Clarke, Chief Chemist. 1890. 8°. 174pp. Price 15 cents. 

61. Contributions to the Mineralogy of the Pacific Coast, by William Harlow Melville and Wal- 
demar Lindgren. 1890. 8°. 40pp. 3pl. Price 5 cents. 

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan, a Con- 
tribution to the Subject of Dynamic Metamorphism in Eruptive Rocks, by George Huntington Williams, 
with an Introduction by Roland Duer Irving. 1890. 8°. 241 pp. 16 pl. Price 30 cents. 

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, including a List of North Amer- 
ican Species and a Systematic Arrangement of Genera, by Anthony W, Vogdes, 1890. 8°. 177 pp. 
Price 15 cents. ; 
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64. A Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal 
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65. Stratigraphy of the Bituminous Coal Field of Pennsylvania, Ohio, and West Virginia, by 
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71. Index to the Known Fossil Insects of the World, including Myriapods and Arachnids, by 
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73. The Viscosity of Solids, by Carl Barus. 1891. 8°. xii, 139 pp. 6pl. Price 15 cents. 

74. The Minerals of North Carolina, by Frederick Augustus Genth. 1891. 8°. 119 pp. Price 
15 cents. \ 

75. Record of North American Geology for 1887 to 1889, inclusive, by Nelson Horatio Darton. 
1891. 8°. 1/3 pp. Price 15 cents. 

. 76. A Dictionary of Altitudes in the United States (Second Edition), compiled by Henry Gannett, 
Chief Topographer. 1891. 8°. 393 pp. Price 25 cents. 

77. The Texan Permian and its Mesozoic Types of Fossils, by Charles A. White. 1891. 8°. 51 
pp. 4pl. Price 10 cents. 

78. A Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal 
Year 1889-90. F. W. Clarke, Chief Chemist. 1891. 8°. 131 pp. Price 15 cents. 

79. A Late Voleanic Eruption in Northern California and its Peculiar Lava, by J. S. Diller. 

80. Correlation Papers—Devonian and Carboniferous, by Henry Shaler Williams. 1891. 8°, 
279 pp. Price 20 cents. 

81. Correlation Papers—Cambrian, by Charles Doolittle Walcott. 1891. 8°. 547 pp. 3 pl. 
Price 25 cents. 

82. Correlation Papers—Cretaceous, by Charles A. White. 1891. 8°. 273 pp. 3pl. Price 20 
cents. 

83. Correlation Papers—Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2pl. Price 
15 cents. : 

84. Correlation Papers—Neocene, by W. H. Dall and G. D. Harris. 1892. 8°. 349 pp. 3 pl. 
Price 25 cents. 

85. Correlation Papers—The Newark System, by Israel Cook Russell. 1892. 8°. 344pp. 13 pl. 
Price 25 cents. 

86. Correlation Papers—Archean and Algonkian, by C.R. Van Hise. 1892. 8°. 549 pp. 12 pl. 
Price 25 ceuts. 

87. A Synopsis of American Fossil. Brachiopoda, including Bibliography and Synonymy, by 
Charles Schuchert. 1897. 8°. 464 pp. Price 30 cents. 

88. The Cretaceous Foraminitera of New Jersey, by Rufus Mather Bagg, Jr. 1898. 8°. 88 pp. 
6 pl. Price 10 cents. : 

89. Some Lava Flows of the Western Slope of the Sierra Nevada, California, by F. Leslie 
Ransome. 1898. 8°. 74 pp. 11 pl. Price 15 cents.° 

90. A Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal 
Year 1890-91. F.W.Clarke, Chief Chemist. 1892. 8°. 77 pp. Price 10 cents. 

91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 88 pp. 
Price 10 cents. 

92. The Compressibility of Liquids, by Carl Barus. 1892. 8°. 96 pp. 29 pl. Price 10 cents. 

93. Some Insects of Special Interest from Florissant, Colorado, and Other Points in the Tertiaries 
of Colorado and Utah, by Samuel Hubbard Seudder. 1892. 8°. 35 pp. 3pl. Price 5 cents. 

94, The Mechanism of Solid Viscosity, by Carl Barus. 1892. 8°. 138 pp. Price 15 cents. 

95. Earthquakes in California in 1890 and 1891, by Edward Singleton Holden. 1892, 8°. 31pp. 
Price 5 cents. 

96. The Volume Thermodynamics of Liquids, by Carl Barus. 1892. 8°. 109pp. Price 10 cents. 

97. The Mesozoic Echinodermata of the United States, by W. B. Clark. 1893. 8°. 207 pp. 50pl. 
Price 20 cents. 

98. Flora of the Outlying Carboniferous Basins of Southwestern Missouri, by David White: 
1893. 8°. 139pp. odpl. Price 15 cents. : 

99. Record of North American Geology for 1891, by Nelson Horatio Darton. 1892. 8°. 173 pp. 
Price 10 cents. 

100. Bibliography and Index of the Publications of the U. 8. Geological Survey, 1879-1892, by 
Philip Creveling Warman. 1893. 8°. 495 pp. Price 25 cents. 

101. Insect Fauna of the Rhode Island Coal Field, by Samuel Hubbard Seudder. 1893. 8°, 
27pp. 2pl. Price 5 cents. 


VI ADVERTISEMENT. . 


102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by Cornelius 
Breckinridge Boyle. 1892. 8°. 315 pp. Prise 25 cents. 

103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in Relation to Pressure, 
by Carl Barus. 1893. 8°. 57 pp. 9pl. Price 10 cents. 

104. Glaciation of the Yellowstone Valley north of the Park, by Walter Harvey Weed. 1893. 8°. 
41pp. 4pl. Price 5 cents. 

105. The Laramie and the Overlying Livingstone Formation in Montana, by Walter Harvey 
Weed, with Report on Flora, by Frank Hall Knowlton. 1893. 8° 68 pp. 6pl. Price 10 cents. 

106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893. 8°. 288 
pp. 45 pl. -Price 20 cents. 

107. The Trap Dikes of the Lake Champlain Region, by James Furman Kemp and Vernon 
Freeman Marsters. 1893. 38°. 62pp. 4pl. Price 10 cents. 

108. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893. 8°. 
108 pp. 12 pl. Price 15 cents. 

109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their Contact Phe- 
nomena, by William Shirley Bayley. 1893. 8°. 121 pp. 16 pl. Price 15 cents. ; 

110. The Paleozoic Section in the Vicinity of Three Forks, Montana, by Albert Charles Peale. 
893. 8°. 56 pp. 6 pl. Price 10 cents. 

111. Geology of the Big Stone Gap Coal Fields of Virginia and Kentucky, by Marius R. Camp- 
bell. 1893. 8°. 106pp. 6pl. Price 15 cents. 

112. Earthquakes in California in 1892, by Charles D. Perrine. 1893. 8°. 57pp. Price 10 cents. 

113. A Report of Work done in the Division of Chemistry during the Fiscal Years 189192 and 
1892-93. IF. W. Clarke, Chief Chemist. 1893. 8°. 115 pp. Price 15 cents. 

114, Earthquakes in California in 1893, by Charles D. Perrine. 1894. 8°. 23 pp. Price 5 cents. 

115. A Geographic Dictionary of Rhode Island, by Henry Gannett. 1894. 8°. 31 pp. Price 
5 cents. 

116. A Geographic Dictionary of Massachusetts, by Henry Gannett. 1894. 8°, 126 pp. Price 


117. A Geographic Dictionary of Connecticut, by Henry Gannett. 1894. 8°. S7pp. Price 10 
118. A Geographic Dictionary of New Jersey, by Henry Gannett. 1894. 8°. 131 pp. Price 15 


119. A Geological Reconnoissance in Northwest Wyoming, by George Homans Eldridge. 1894. 
8°. 72 pp. Price 10 cents. 

120, The Devonian System of Eastern Pennyslvania and New York, by Charles 8. Prosser. 1894. 
8°. 8lpp. 2pl. Price 10 cents. 

121. A Bibliography of North American Paleontology, by Charles Rollin Keyes. 1894, 8°. 251 
pp. Price 20 cents. 

122. Results of Primary Triangulation, by Henry Gannett. 1894. 8°. 412 pp. 17 pl. Price 
25 cents, 

123. A Dictionary of Geographic Positions, by Henry Gannett. 1895. 8°. 183 pp. 1 pl. Price 
15 cents. z 

124. Revision of North American Fossil Cockroaches, by Samuel Hubbard Scudder. 1895. 8°. 
176 pp. 12pl. Price 15 cents. 

125. The Constitution of the Silicates, by Frank Wigglesworth Clarke. 1895. 8°. 109 pp. 
Price 15 cents. 

126. A Mineralogical Lexicon of Franklin, Hampshire, and Hampden counties, Massachusetts, 
by Benjamin Kendall Emerson. 1895. 8°. 180 pp. 1pl. Price 15 cents. 

127. Catalogue and Index of Contributions to North American Geology, 1732-1891, by Nelson 
Horatio Darton. 1896. 8°. 1045 pp. Price 60 cents. 

128. The Bear River Formation and its Characteristic Fauna, by Charles A. White. 1895. 8°. 
108 pp. l1pl. Price 15 cents. 

129. Earthquakes in California in 1894, by Charles D. Perrine. 1895. 8°. 25 pp. Price 5 cents. 

130. Bibliography and Index of North American Geology, Paleontology, Petrology, and Miner- 
alogy for 1892 and 1893, by Fred Boughton Weeks. 1896. 8°. 210 pp. Price 20 cents. 

131. Report of Progress of the Division of Hydrography for the Calendar Years 1893 and 1894, 
by Frederick Haynes Newell, Topographer in Charge. 1895. 8°. 126 pp. Price 15 cents. 

132. The Disseminated Lead Ores of Southeastern Missouri, by Arthur Winslow. 1896. 8°. 
31 pp. Price 5 cents. 

133. Contributions to the Cretaceous Paleontology of the Pacific Coast: The Fauna of the 
Knoxville Beds, by T. W. Stanton. 1895. 8°. 132 pp. 20pl. Price 15 cents. 

134. The Cambrian Rocks of Pennsylvania, by Charles Doolittle Walcott. 1896. 8°. 43 pp. 
15 pl. Price 5 cents. ; 

135. Bibliography and Index of North American Geology, Paleontology, Petrology, and Miner- 
alogy for the Year 1894, by F. B. Weeks. 1896. 8°. 141 pp. Price 15 cents. 

136. Volcanic Rocks of South Mountain, Pennsylvania, by Florence Bascom. 1896, 8°. 124 pp. 
28 pl. Price 15 cents. 

137. The Geology of the Fort Riley Military Reservation and Vicinity, Kansas, by Robert Hay. 
1896. 8°. 35 pp. 8pl. Price 5 cents. 

138. Artesian-well Prospects in the Atlantic Coastal Plain Region, by N. H. Darton. 1896. 8°. 
228 pp. 19 pl. Price 20 cents. 

139. Geology of the Castle Mountain Mining District, Montana, by W. H. Weed and L. V. Pirs- 
son. 1896. 8°. 164 pp. 17pl. Price 15 cents. . 


ADVERTISEMENT. VII 


140, Report of Progress of the Division of Hydrography for the Calendar Year 1895, by Frederick 
Haynes Newell, Hydrographer in Charge. 1896. 8°. 356 pp. Price 25 cents. 

141. The Eocene Deposits of the Middle Atlantic Slope in Delaware, Maryland, and Virginia, 
by William Bullock Clark. 1896. 8°. 167 pp. 40pl. Price 15 cents. 

142. A Brief Contribution to the Geology and Paleontology of Northwestern Louisiana, by 
T. Wayland Vaughan. 1896. 8°. 65 pp. 4 pl. Price 10 cents. 

143. A Bibliography of Clays and the Ceramic Arts, by John C. Branner. 1896. 8°. 114 pp. 
Price 15 cents. : 

144. The Moraines of the Missouri Coteau and their Attendant Deposits, by James Edward Todd. 
1896. 8°. 71 pp. 21pl. Price 10 cents. 

145. The Potomac Formation in Virginia, by W. M. Fontaine. 1896. 8°, 149 pp. 2pl. Price 
15 cents. 

146. Bibliography and Index of North American Geology, Paleontology, Petrology, and Miner- 
alogy for the Year 1895, by F. B. Weeks. 1896. 8°. 130 pp. Price 15 cents, 

147, Earthquakes in California in 1895, by Charles D. Perrine, Assistant Astronomer in Charge 
of Earthquake Observations at the Lick Observatory. 1896. 8°. 23 pp. Price 5 cents. 

148. Analyses of Rocks, with a Chapter on Analytical Methods, Laboratory of the United States 
Geological Survey; 1880 to 1896, by F. W. Clarke and W. F. Hillebrand. 1897: 8°. 306 pp. Price 

0 cents. 

149, Bibliography and Index of North American Geology, Paleontology, Petrology, and Miner- 
alogy for the Year 1896, by Fred Boughton Weeks. 1897. 8°. 152 pp. Price 15 cents. 

150. The Educational Series of Rock Specimens Collected and Distributed by the United States 
Geological Survey, by Joseph Silas Diller. 1898. 8°. 398 pp. 47 pl. Price 25 cents, 


In press: 
a 151. The Lower Cretaceous Grypheas of the Texas Region, by R. T. Hill and T. Wayland 
Vaughan. 1898. 8°, pp. 25pl. Price cents. 
152. A Catalogue of the Cretaceous and Tertiary Plants of North America, by F. H. Knowlton. 
1898. 8°. pp. Price cents. 
153. A Bibliographic Index of North American Carboniferous Invertebrates, by Stuart Weller. 
1898. 8°, pp. Price cents. 


WATER-SUPPLY AND IRRIGATION PAPERS. 


By act of Congress approved June 11, 1896, the following provision was made: 

“Provided, That hereafter the reports of the Geological Survey in relation to the gauging of 
streams and to the methods of utilizing the water resources may be prin’ed in octavo form, not to 
exceed one hundred pages in length and five thousand copies in number; one thousand copies of which 
shall be for the official use of the Geological Survey, one thousand five hundred copies shall be deliv- 
ered to the Senate, and two thousand five hundred copies shall be delivered to the House of Repre- 
sentatives, for distribution.” 

Under this law the following papers have been issued: 


1, Pumping Water for Irrigation, by Herbert M. Wilson. 1896. 8°, 57 pp. 9pl. 

2, Irrigation near Phenix, Arizona, by Arthur P. Davis. 1897, 8°. 97 pp. 31 pl. 

3. Sewage Irrigation, by George W. Rafter. 1897. 8°. 100 pp. 4 pl. 

4. A Reconnoissance in Southeastern Washington, by Israel Cook Russell. 1897. 8°. 96 pp pl: 

5. Irrigation Practice on the Great Plains, by Elias 3ranson Cowgill. 1897. 8°. 39 pp. 12 pl. 

6. Underground Waters of Southwestern Kansas, by Erasmus Haworth. 1897. 8°. 65 pp. 12pl. 
_ 7, Seepage Waters of Northern Utah, by Samuel Fortier. 1897, 8°. 50 pp. 3 pl. 

8. Windmills tor Irrigation, by Edward Charles Murphy. 1897. 8°. 49pp. 8 pl. 

9. Irrigation near Greeley, Colorado, by David Boyd. 1897. 8°. 90 pp. 21 pl. 


10. Irrigation in Mesilla Valley, New Mexico, by F'. C. Barker. 1898. 8°. 51 pps tip 
11. River Heights for 1896, by Arthur P. Davis.. 1897, 8°. 100 pp. 
In press: 
12. Water Resources of Southeastern Nebraska, by Nelson H. Darton. 1898. 8°. 55 pp. 21 p.. 
13. Irrigation Systems in Texas, by William Ferguson Hutson. 1898. 8°. 67 pp. 10 pl. 
14. meus Tests of Certain Pumps and Water-Lifts used in Irrigation, by Ozni P. Hood, 1889. 8°, 
pp. lpl. 
15, Operations at River Stations, 1897, Part I. 1898. 8°. 100 pp. 
16, Operations at River Stations, 1897, Part II. 1898. 8°. 101-200 pp. 


TOPOGRAPHIC MAP OF THE UNITED STATES. 


When, in 1882, the Geological Survey was directed by law to make a geologic map of the United 
States there was in existence no suitable topographic map to serve as a base for the geologic map. 
The preparation of such a topographic map was therefore immediately begun. About one-fifth of the 
area of the country, excluding Alaska, has now been thus mapped. The map is published in atlas 
sheets, each sheet representing a small quadrangular district, as explained under the following head- 
ing. The separate sheets are sold at 5 cents each when fewer than 100 copies are purchased, but when 
they are ordered in lots of 100 or more copies, whether of the same sheet or of different sheets, the 
price is 2 cents each. The mapped areas are widely scattered, nearly every State being represented. 
More than 800 sheets have been engraved and printed; they are tabulated by States in the Survey’s 
“List of Publications,” a pamphlet which may be had on application. 


VIll 


geologic maps. 


ADVERTISEMENT. 


GEOLOGIC ATLAS OF THE UNITED STATES. 


The Geologic Atlas of che United States is the final form of publication of the topographic and 


ultimately to cover the entire country. - 
Under the plan adopted the entire area of the country is divided into small rectangular districts 


(designated quadrangles), bounded by certain meridians and parallels. 


~The atlas is issued in parts, progressively as the surveys are extended, and is designed 


The unit of survey is also the 


unit of publication, and the maps and descriptions of each rectangular district are issued as a folio of 
the Geologic Atlas. 


Each folio contains topographic, ¢ 


geologic, economic, and structural maps, together with textual 


descriptions and explanations, and is designated by the name of a principal town or of a prominent 
natural feature within the district. 


tions. The remainder are sold at 25 cents each, except such as contain an unusual amount of matter, 
which are priced accordingly. Prepaymentis obligatory. ‘The folios ready for distribution are listed 
below. 
| Area, in |Price, 
No. Name of sheet. State. Limiting meridians. Limiting parallels. square in 
| miles. j|cents. 
1. Livingstom 2-2 5-2. -seeseeenee Montana...-.-.. 110°-111° 45°-46° 3, 854 25 
2, Ringgold STEORE aes == \ 85°-85° 30/ 34° 80/359 980 25 
| SEONG, Sao a= Sesser enna Tennessee .....- ; 3 
3 Placerville California. -..--- 120° 30/-1219 38° 30/-39° 932 25 
4+ Kingston..:2\.5--2e sesso eee Tennessee -..--- 84° 30/850 35° 30/360 969 25 
5 Sacramento. a aeceee eee meen California....... 1219-1219 30/ 38° 30/-39° 932 25 
6 Chattanooga Tennessee .-...-- 85°-85° 30! 359-35° 30/ 975 2 
7, Pikes Peak (out of stock).-.---. Colorado..-..-.-.- 105°-105° 30/ 38° 30/-399° 932 25 
8 Sewanee....5. J....652sseeeeee Tennessee ....-- 85° 30/-86° 35°-35° 30/ 975 25 
9 Anthracite-Crested Butte .--.-. Colorado......-- 106° 45/-107° 15/ 88° 45/-39° 465 50 
Wareria ees .-2- x 
10 Harpers Perry. 222. sess {West Virginia -. 77° 30'-78° 39°-39° 30’ 925 25 
Maryland....... 
11) Jackson psccce= seen eee California. .....- 120° 30/-121° 38°-38° 30! 938 25 
Virginia <so2s=- 
12 |, Hstillvillé: 22coccye=sceeeeeeeee {cent Eta ae 82° 30/-83° 36° 30/-87° 957 £5 
| Tennessee ...--. 
13 | Fredericksburg.......-.2.--.-- noe apeemaa \ 772-779 30! 380-389 30/ 938 | 25 
14 | Staunton .......-2..--2-.see00- eee einia. \ 79°-79° 30/ 38°-38° 30' 938 25 
15 | Lassen Peaks... ~-maeeneaeoeet California. .....- 1219-1220 40°-4]° 3, 634 25 
16 | Knoxville. ....0¢.5<0- 255 ie ee ae \ 83° 30/849 35° 30/360 925 25 
L7,| Marysville. cc. - = ossesee ee eeee California-.....- 121° 30/1229 39°-39° 30! 925 25 
18 | Smartsville Calitornia-.-.....- 121°-121° 30' 39°-39° 30/ 925 25 
| Alabama....-... 
19 Stevenson! 2... 4-42-1.-0 ee aeeeee Georgia..--..--.. 85° 30/-86° 34° 30/359 980 25 
Tennessee ...... 
20 |*Cleveland.i.2..2<<sesseere .--.-| Tennessee ....-. 84° 30/-85° 35°-35° 30! 975 25 
21 | Pikeville -- Tennessee .....- 85°-85° 30! 35° 30/-36° 969 25 
22 | MeMinnvill Tennessee ....-. 85° 30/-86° 35° 30/-36° 969 25 
23 | Nowini s.. 2.1022 eee Vinge: oc } 76° 30/70 380-380 30! 93825 
24 | Three Forks Montana. .-..... 1119-112° 45°-460 3,354 | 50 
25 | Toudon).2: 2. sseace see eee Tennessee ...--- 849-819 30! 35° 30/-36° 969 25 
26 | Pocahontas pees = *- \ 81-819 30/ 370-870 30! 91, 2% 
* SSG Sige Sree West Virginia -.| - es 
27 | Morristown... -..c.ssecua5 ....| Tennessee ...... 83°-83° 30’ 36°-36° 30! 963 | 25 
| Virginig)s.s<.2+2 
28 | Pied OWt2ssceecses eee eee {Maryland Eeooses 79°-79° 30’ | 39°-39° 30! 925 25 
West Virginia-. 
Nevada City. 121° 00! 25/'-121° 03! 45” | 89° 13/ 50-399 17/ 16” 11. 65 : 
29 | Nevada city..{ Grass Waites: California .....- {iar Ol’ 85/'-121° 05/ 04” | 39° 10/ 22/899 13’ 50/7 12. 09 50 
Banner Hill . 120° 57’ 05'/-121° 00’ 25” | 39° 13/ 50//-39° 17’ 16” 11. 65 
5 . N Gallatin -. 
{Yellowstone a- )Canyon... . A 
30 \ tional Park. Shoshone. ( Wyoming ...--- 110°-111° 440-450 3, 412 75 
ake: 22 aa 
31 | Pyramid Peak ...........--. -..| California ....<. 120°-120° 30/ 38° 30/39 932 25 
32 | Franklin .......... ere te Wee ees |} 79°-79° 80’ 38° 30'-39° 932 | 25 
33: | Briceville: -2222eaneces- ae eee Tennessee ..---. 84°-84° 30/ 36°-36° 30/ 963 25 
34 | Buckhannon. West Virginia - 80°-80° 30/ 38° 30/-39° 932 25 
35 | Gadsden .-- -| Alabama-........ 86°_-86° 30’ 34°-34° 30/ 986 25 
36..|,, Pueblo. aces ee-eeeeee Colorado.....--. 104° 30/-105° 38°-38° 30/ 938 50 
37 | Downieville California......- 120° 30/-121° 39° 30/-40° 919 25 
39} Druckee |. 2k .cs~ so seee eee eee California......- 120°-120° 30/ 39°-39° 30° 925 25 


Two forms of issue have been adopted, a ‘library edition” and a “field edition.” 


In both the | 
sheets are bound between heayy paper covers, but the library copies are permanently bound, while 

the sheets and covers of the field copies are only temporarily wired together. 
Under the law a copy of each folio is sent to certain public libraries and educational institu- 


ADVERTISEMENT, Ix 


STATISTICAL PAPERS. 


Mineral Resources of the United States [1882], by Albert Williams, jr. 1883. 8°, xvii, 813 pp. 
Price 50 cents. 

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 8°. xiv, 
1016 pp. Price 60 cents. 

Mineral Resources of the United States, 1885. Division of Mining Statistics and Technology. 
1886. 8°. vii,576 pp. Price 40 cents. 

Mineral Resources of the United States, 1886, by David T. Day. 1887. 8°. viii, 813 pp. Price 
60 cents. 

Mineral Resources of the United States, 1887, by David T. Day. 1888. 8°. vii,832pp. Price 
50 cents. 

Mineral Resources of the United States, 1888, by David T. Day. 1890. 8°. vii,652pp. Price 
50 cents. 

Mineral Resources of the United States, 1889 and 1890, by David T. Day. 1892. 8°. viii, 671 pp. 
Price 50 cents. 

Mineral Resources of the United States, 1891, by David T. Day. 1893. 8°, vii, 630 pp. Price 
50 cents. 

Mineral Resources. of the United States, 1892, by David T. Day. 1893. 8°. vii, 850 pp. Price 
50 cents. 

Mineral Resources of the United States, 1893, by David T. Day. 1894. 8°. viii,810pp. Price 
50 cents. 

On March 2, 1895, the following provision was included in an act of Congress: 

“Provided, That hereafter the report of the mineral resources of the United States shall be 
issued as a part of the report of the Director of the Geological Survey.” 

In compliance with this legislation the following reports have been published : 

Mineral Resources of the United States, 1894, David T. Day, Chief of Division. 1895, 8°. xv, 
646 pp., 23 pl.; xix, 735 pp., 6 pl. Being Parts III and IV of the Sixteenth Annual Report. 

Mineral Resources of the United States, 1895, David T. Day, Chief of Division. 1896. 8°, 
xxiii, 542 pp., 8 pl. and maps; iii, 543-1058 pp., 9-13 pl. Being Part III (in 2 vols.) of the Seventeenth 
Annual Report. 

Mineral Resources of the United States, 1896, David T. Day, Chief of Division. 1897. 8°, 
xii, 642 pp., 1 pl.; 643-1400 pp. Being Part V (in 2 vols.) of the Highteenth Annual Report. 

The report on the mineral resources for the calendar year 1897 will forma part of the Nineteenth 
Annual Report of the Survey. 


The money received from the sale of the Survey publications is deposited in the Treasury, and 
the Secretary of that Department declines to receive bank checks, drafts, or postage stamps; all remit- 
tances, therefore, must be by MONEY ORDER, made payable to the Director of the United States 
Geological Survey, or in cuRRENCY—the exact amount. Correspondence relating to the publications 
of the Survey should be addressed to 

; THE DIRECTOR, 
UNITED STATES GEOLOGICAL SURVEY, 
WASHINGTON, D. C., May, 1898. WASHINGTON, D. €. 
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